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PREFACE   TO   THE   FIRST  EDITION 

The  volume  here  presented  is  primarily  a  treatise  on  the  funda- 
mental laws  and  technique  of  Bacteriology,  as  illustrated  by  their 
application  to  the  study  of  pathogenic  bacteria. 

So  ubiquitous  are  the  bacteria  and  so  manifold  their  activities 
that  Bacteriology,  althougli  one  of  the  youngest  of  sciences,  has 
already  been  divided  into  special  fields — Medical,  Sanitary,  Agricul- 
tural, and  Industrial— having  little  in  common,  except  problems  of 
general  bacterial  physiology  and  certain  fundamental  technical  pro- 
cedures. 

From  no  other  point  of  approach,  however,  is  such  a  breadth  of 
conception  attainable,  as  through  the  study  of  bacteria  in  their  rela- 
tion to  disease  processes  in  man  and  animals.  Through  such  a 
study  one  must  become  familiar  not  only  with  the  growth  character- 
istics and  products  of  the  bacteria  apart  from  the  animal  body,  thus 
g^ning  a  knowledge  of  methods  and  procedures  common  to  the  study 
of  pathogenic  and  non-pathogenic  organisnw,  but  also  with  those 
complicated  reactions  taking  place  between  the  bacteria  and  their 
products  on  the  one  hand  and  the  cells  and  fluids  of  the  animal  body 
on  the  other — reactions  which  often  manifest  themselves  a.s  sjTnptoms 
and  lesions  of  disease  or  by  visible  changes  in  the  test  tube. 

Through  a  study  and  comprehension  of  the  processes  underlying 
these  reactions,  out  knowledge  of  cell  physiology  has  been  broadened, 
and  facts  of  inestimable  value  have  been  discovered,  which  have 
thrown  light  upon  some  of  the  most  obscure  problems  of  infection 
and  immunity  and  have  led  to  hitherto  unsuspected  methods  of 
treatment  and  diagnosis.  Thus,  through  Medical  Bacteriology — that 
highly  specialized  offshoot  of  General  Biology  and  Pathology — have 
been  pven  back  to  the  parent  sciences  and  to  Medicine  in  general 
methods  and  knowledge  of  the  widest  application. 

It  has  been  our  endeavor,  therefore,  to  present  this  phase  of  our 
subject  in  as  broad  and  critical  a  manner  as  ix)ssible  in  the  sections 


Digitized  t,  Google 


dealing  with  infection  and  Immunity  and  with  methods  of  biological 
diagnosis  and  treatment  of  disease,  so  that  the  student  and  practi- 
tioner of  medicine,  by  becoming  familiar  with  underlying  laws  and 
principles,  may  not  only  be  in  a  position  to  realize  the  meaning  and 
scope  of  some  of  these  newer  discoveries  and  methods,  but  may  be 
in  better  position  to  decide  for  themselves  their  proper  application 
and  limitations. 

We  "have  not  hesitated,  whenever  necessary  for  a  proper  under- 
standing of  processes  of  bacterial  nutrition  or  physiology,  or  for 
breadth  of  view  in  considering  problems  of  the  relation  of  bacteria 
to  our  food  supply  and  environment,  to  make  free  use  of  illustrations 
from  the  more  special  fields  of  agricultural  and  sanitary  bacteriology, 
and  some  special  methods  of  the  bacteriology  of  "sanitation  are  given 
in  the  last  division  of  the  book,  dealing  with  the  bacteria  in  relation 
to  our  food  and' environment. 

In  conclusion  it  may  be  said  that  the  scope  and  arrangement  of 
subjects  treated  of  in  this  book  are  the  direct  outcome  of  many  years 
of  experience  in  the  instruction  of  students  in  medical  and  in  advanced 
university  courses  in  bacteriology,  and  that  it  is  our  hope  that  tiiis 
volume  may  not  only  meet  the  needs  of  such  students  but  may  prove 
of  VB.\iie  to  the  practitioner  of  medicine  for  whom  it  has  also  been 
written. 

It  is  a  pleasure  to  acknowledge  the  courtesy  of  those  who  furnished 
us  with  illiLstrations  for  use  in  the  text,  and  our  indebtedness  to  Dr. 
Gardner  Hopkins  and  Professor  Francis  Carter  Wood  for  a  number 
of  the  photomicrographs  taken  especially  for  this  work. 

P.  H.  H.,  Jr., 
H.  Z. 
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PREFACE  TO  THE  SECOND  EDITION 

Inquibt  in  the  field  of  bacteriology  is  so  active  at  the  present  day 
that  no  general  text-book  can  maiatain  its  usefulness  loi:^  without 
frequent  revision.  In  preparing  the  second  edition  of  this  book  it  has 
been  our  purpose  to  correct  omissions  and  to  incorporate  the  more  im- 
portant researches  of  the  last  three  years,  rather  than  to  alter  exten- 
rively  the  plan  of  the  text.  From  the  wealth  of  material  which  th^e 
years  have  broi^ht,  we  have  attempt«<]  to  glean  those  facts  which 
have  seemed  to  us  most  important  and  most  directly  bearing  upon 
medical  problems,  since  this  book  was  planned,  from  the  beginning,  to 
meet  especially  the  needs  of  the  student  of  infectious  disease. 

The  most  extensive  chaises  and  additions  have  been  made  in  the 
chapters  on  streptococci,  tuberculosis,  plague,  leprosy,  syphiUs,  rabies, 
and  poliomyelitis.  Short  sections  on  typhus  fever,  on  the  plague- 
like disease  of  rodents,  and  on  rat  leprosy  have  been  added,  and  we  have 
inserted  a  tabulation  of  our  knowledge  of  filtrable  virus,  adapted 
lately  from  the  summary  recently  published  by  Wolbach.  The  Ander- 
son and  McClintic  method  for  the  standardization  of  disinfectants, 
and  Churchman's  recent  work  on  anilin  dyes  and  bacterial  growth, 
have  been  added.  Many  minor  corrections  and  additions  have  been 
made  throughout  the  text.  In  preparing  these  changes,  valuable  as- 
sistance has  been  given  us  by  Dr.  J.  Gardner  Hopkins,  Associate  in 
Bacteriology  at  Cohimbia  University,  and  many  helpful  su^estious 
have  been  made  by  Drs.  I>wyer  and  Bliss. 

It  has  been  gratifying  to  note  how  much  of  the  work  which  seemed 
to  us  particularly  valuable  and  enlightening  has  emanated,  during  these 
three  years,  from  American  laboratories. 

We  have  purposely  omitted  makii^  any  extensive  changes  in  the 
section  on  immimity.  .  The  function  of  this  part  of  the  book  is  to  give 
the  be^nner  a  basis  for  further  reading  and  introduce  him,  as  simply  as 
possible,  to  the  difficult  problems  of  the  field.  We  have  felt  that  the 
addition  of  much  more  detail  and  theory  would  render  this  section  un- 
suited  to  the  needs  of  a  general  text-book. 

It  is  a  sorrowful  necessity  that  this  revision  must  be  put  forth  with- 
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viii  PREFACE  TO  THE  SECOND  EDITION 

out  the  wise  counsel  of  one  of  its  authors.  Since  the  first  edition  of  this 
book  was  pubUshed  Prof.  Philip  Hanson  Hiss,  Jr.,  has  died.  By  his 
death  we  have  lost  a  dear  friend  and  a  valued  teacher,  and  American 
bacteriology  has  been  deprived  of  a  worker  who  was  eaterii^  into  the 
most  brilliant  period  of  bis  scientific  maturity. 

H.  Z. 
New  YoBK,  19U 
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PREFACE  TO  THIRD  EDITION 

The  need  for  a  new  edition  of  the  Text  Book  has  offered  a  welcome 
opportunity  for  the  addition  of  the  many  new  facts  revealed  by  investi- 
gation during  the  last  two  years.  A  thorough  revision  of  the  entire 
book  has  incidentally  been  made  since  experience  with  it  in  teaching, 
the  questions  of  students,  and  the  commenta  of  associates  have  in- 
dicated sections,  here  and  there,  in  whjch  slight  changes,  elabora* 
tions  or  omissions,  would  add  to  clearness  and  simplicity.  In  this,  as 
in  the  choice  of  new  material,  the  writer  has  agwn  been  guided  chiefly 
by  the  desire  to  enhance  the  practical  usefulness  of  the  treatise  for  medi- 
cal students  and  workers  interested  primarily  in  infectious  diseases. 

In  the  section  on  Bioli^y  and  Technique,  the  changes  have  been 
relatively  few.  To  the  chapter  on  culture  media,  there  have  been  added 
Kendall's  modification  of  Endo's  medium,  Petroff's  media  for  tubercle 
bacillus  cultivation,  Krumwlede's  brilliant  green  medium,  and  Russell's 
double  sugar  medium.  Many  other  minor,  yet,  in  our  opinion  impor- 
tant, alterations  have  been  made  in  this  chapter,  but  throughout  the 
book  only  such  methods  have  been  added  as  have  been  found  to  be 
actually  useful  in  our  own  practice  or  in  that  of  our  associates. 

The  section  on  Immunity  has  been  very  thoroughly  revised  in  order 
to  keep  within  the  same  small  space  a  more  accurately  modem  pres- 
entation of  this  complicated  subject.  It  has  not,  of  course,  been  possible 
to  cover  this  field  as  thoroughly  as  it  might  be  covered  in  a  volume 
separately  devoted  to  the  subject,  but  the  outline  here  given  is  intend- 
ed mainly  to  furnish  a  sound  foundation  for  further  study. 

In  the  chapter  on  the  pathogenic  microSi^anisms  themselves,  the 
most  extensive  changes  have  been  necessary  in  the  pneumococcus  sec- 
tion and  in  the  one  on  treponema  pallidum.  However,  all  the  chapters 
have  been  revised  with  care  and  many  small  additions  and  omissions 
made  where  new  facts  and  the  revision  of  older  opinions  have  made  this 
desirable. 

H.  Z. 
College  of  Physicians  and  Surgeons,  Columbia  University,  N.  Y. 
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PREFACE  TO  THE  FOURTH  EDITION 

The  moBt  important  change  incorporated  in  the  fourth  edition  of 
oar  Text-Book  is  the  Bection  on  Pathogenic  Protozoa  written  by 
Major  Frederick  F.  Kiisaell,  of  the  Medical  Corps  of  the  United 
States  Army.  When  the  first  edition  of  this  book  was  written  the  ad- 
dition of  a  section  on  Protozoa  was  seriously  considered,  but  was 
finally  omitted  because  it  was  the  desire  of  both  the  writers  "at  that 
time  that  nothing  should  go  into  the  iDOok  that  could  not  be  based 
on  peraonal  knowledge,  and,  since  neither  the  late  Dr.  Hiss  nor  the 
undersigned  had  worked  systematically  in  the  field  of  protozoology, 
it  was  thought  better  to  limit  the  book  to  our  own  field  of  bacteriology. 
The  book  has  since  then  gone  through  three  editions  and  it  has  be- 
come more  and  more  apparent  that  it  has  found  its  greatest  useful- 
ness as  a  text-book  for  medical  students  and  a  reference  book  for 
physicians  and  laboratory  workers.  For  these  purposes,  however, 
it  has  had  the  serious  defect  of  giving  no  information  about  such 
microot^anisms  as  the  malaria  plasmodia,  the  trypanosomes  and 
other  pathf^nic  microorganisms,  which,  though  technically  protozoa, 
are  necessary  objects  of  interest  to  all  medical  laboratory  workers. 
It  has  appeared  to  us,  therefore,  that  the  practical  value  of  the  hook 
would  be  greatly  enhanced  by  the  addition  of  a  short  treatise  on  the 
protozoa,  if  written  by  someone  who  had  been  in  touch  with  this  field. 
rather  from  the  practical  medical  point  of  view  than  from  that  of  the 
zoologist.  Major  Russell  has  kindly  consented  to  supply  this  de- 
fieiency  in  a  section  which  makes  no  claim  to  zoological  complete- 
ness, but  is  written  with  the  definite  purpose  of  giving  medical 
workers  concise  information  concerning  the  important  pathogenic 
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xii  PREFACE  TO  THE  FOURTH  EDITION 

Species,  with  especial  conBideratioa  of  their  common  occurrence,  the 
methodB  of  their  detection  and  recognition,  and  correlation  to  the 
diseases  which  they  incite. 

'In  other  respects  the  book  has  been  thoroughly  gone  over.  In  the 
section  on  Biolt^  and  Technique  a  few  methods,  which  we  ourselves 
have  found  it  unnecessary  to  use,  have  heen  omitted,  A  few  other 
methods  have  been  added  and  a  few  of  the  most  useful  ones  ampli- 
fied. Minor  changes  have  been  made  in  the  section  on  Immunity, 
The  chapter  on  Streptococcus  has  been  revised  and  considerable  addi- 
tions and  changes  have  heen  made  in  tlie  chapters  on  the  Paratyphoid 
and  Typhoid  Bacilli.  The  more  recent  work  on  the  Schick  Test  and 
on  the  Determination  of  Virulence  of  the  Diphtheria  Bacillus  has 
been  incorporated.  Hinor'  changes  have  been  made  in  the  sections 
on  Bacteria  in  Water  and  Milk, 

Altogether  it  has  been  attempted  to  bring  the  materia!  up  to  date, 
especially  in  those  features  in  which  we  think  its  greatest  usefulness 
lies,  namely,  as  a  guide  for  the  actual  performance  of  bacteriological 
wv)rk.  It  is  a  pleasure  again  to  acknowledge  the  valuable  assistance 
of  Prof.  J.  Q.  Hopkins  in  correcting  and  rearranging  the  book. 

Hans  Zins^^rr. 

College  of  Physicians  and  Surgeons, 
Columbia  University, 
New  York  City. 
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SECTION  I 

THE   GENERAL    BIOLOGY   OF    BACTERIA    AND   THE 
TECHNIQUE   OF   BACTERIOLOGICAL   STUDY 


THE   DEVELOPMENT  AND  SCXJPE  OF  BACTEaiOLOGY 

Afl  we  trace  back  to  their  ultimate  origins  the  lines  of  development 
of  living  bcinga  of  the  animal  and  j>Iant  kingdoms,  we  find  them  con- 
vei^ng  toward  a  common  type,  represented  by  a  largo  group  of  uni- 
cellular organisms,  ao  simple  in  structure,  so  unspecialized  in  function, 
Uiat  their  classification  in  either  the  realm  of  plants  or  that  of  animals 
becomes  little  more  than  an  academic  question.  However,  even  such 
microorganisms,  in  which  the  functions  of  nutrition,  respiration,  loco- 
motion, and  reproduction  are  concentrated  within  the  confines  of  a 
smglc  cell,  and  in  which  adaptation  to  special  conditions  more  readily 
brings  about  modifications  leading  to  the  production  of  a  multitude  of 
delicately  graded  transitional  forms,  fall  into  groiips  which,  either  in 
structure  or  in  biological  attributes  show  evidence  of  a  tendency 
toward  one  or  the  other  of  the  great  kingdoms. 

Most  important  of  these  unicellular  forms,  for  the  student  of  medical 
science,  are  the  bacteria  and  the  protozoa. 

The  former,  by  reason  of  their  undifferentiated  protoplasm,  their 
occasional  possession  of  cclluiose  membranes,  their  biological  tendency 
to  nynthetizc,  as  well  aH  to  break  down  oi^anic  compounds,  and  because 
of  the  transitional  forms  which  seem  to  connect  them  directly  with  the 
lower  plants,  are  generally  placed  in  the  plant  kingdom.  The  latter, 
chiefly  on  the  basis  of  metabolism,  arc  classified  with  the  animals. 

Knowledge  of  the  existence  of  microorganisms  as  minute  as  the 
ones  under  discussion,  was  of  necessity  Eon-ctl  to  await  the  pcrf'ection  of 
instruments  of  magnification.  It  was  not  until  the  latter  half  of  the 
seventeenth  century,  therefore,  that  the  Jesuit,  Kireher,  in  1659,  and 
the  Dutch  linen-draper,  van  Ijceuwenhoek,  in  1675,  actually  saw  and 
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described  living  beings  too  small  to  be  seen  with  the  naked  eye.  There 
can  be  no  doubt  that  the  small  bodies  seen  by  these  men  and  their  many 
immediate  successors  were,  at  least  in  part,  bacteria.  And  indeed  the 
descriptions  and  illustrations  of  several  of  the  earliest  workers  cor- 
respond with  many  of  the  forms  which  are  well  known  to  u;^  at  the 
present  day. 

During  the  century  following  the  work  of  these  pioneers,  the  efforts 
of  investigators  lay  chiefly  in  the  morcj3xact  morphological  description 
of  some  of  the  forms  of  unicellular  life,  already  known.  Conspicuous 
among  the  work  of  this  period  is  that  of  Otto  Friedrich  Mullcr,  In  the 
generation  following  Muller's  work,  however,  a  marked  advance  in  the 
study  of  these  forms  was  made  by  Ehrenbcrg,'  who  established  a 
classification  which,  in  some  of  its  cardinal  divisions,  is  retained  until 
the  present  day. 

Meanwhile  the  regularity  with  wbich  these  "animalcula"  or  "in- 
fusion animalcula  "  were  demonstra'ble  in  tartar  from  the  teeth,  in  intes- 
tinal contents,  in  well-water,  etc.  had  begun  to  arouse  in  the  minds  of 
the  more  advanced  physicians  of  the  time  a  suspicion  as  to  a  possible 
relationship  of  these  minute  forms  with  disease.  The  conception  of 
"contagion,"  of  transmission  of  a  disease  from  one  human  being  to 
another,  was,  however,  even  at  this  time,  centuries  old.  The  fact  had 
been  recognized  by  Aristotle,  had  been  reiterated  by  medieval  phdos- 
ophers,  and  had  led,  in  1546,  to  the  division  of  contagious  diseases  by 
Fracaator,  into  those  transmitted  "per  contactum,"  and  those  con- 
veyed indirectly  "per  fomitcm."  It  was  for  these  mysterious  facta  of 
the  transmissibility  of  disease,  that  clinicians  of  the  eighteenth  century, 
wijth  remarkable  insight,  saw  an  explanation  in  the  microorganisms  dis- 
covered by  Lecuwenhoek  and  his  followers. 

In  fact,  Plenciz  of  Vienna,  writing  in  1762,  not  only  expressed 
a  belief  in  the  direct  etiological  connection  between  microorganisms 
and  some  diseases,'  but  was  the  first  to  advance  the  opinion  that  each 
malady  had  its  own  specific  causal  agent,  which  multiplied  enormously 
in  the  diseased  body.  The  opinions  of  this  author,  if  translated  into 
the  language  of  our  modem  knowledge  of  the  subject,  came  remark- 
ably near  to  the  truth,  not  only  as  regards  etiology  and  transmission, 
but  also  in  their  suggestion  of  a  specific  therapy  for  each  disease. 

The  conception  of  a  "contagium  vivum"  was  thus  practically  e»- 
tablished  with  the  work  of  Plenciz  and  many  others  who  followed  in 

' "  Die  InfunooaUercheii,"  etc,  Leipiiji,  1838. 
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his  train,  but  the  astonishingly  shallow  impressioD  which  the  acute 
reasoning  of  thcac  men  left  upon  the  medical  thought  of  their  day 
furnishes  an  ex;ce!l3nt  example  of  the  futility  of  the  most  penetrating 
speculation  when  unsupported  by  experimental  data. 

The  real  advancement  in  the  scienlific  development  of  the  subject 
was  destined  to  be  carried  on  along  entirely  different  lines.  In  1837, 
Schwann,  a  botanist,  showed  that  the  yeasts,  found  in  fermenting  sub- 
stances, were  living  beings,  which  bore  a  causal  relationship  to  the  proc- 
ess of  fermentation.  At  almost  the  same  time,  similar  observations  were 
made  by  a  French  physicist,  Cagniard-Latour.  The  opinions  advanced 
by  these  men  on  the  nature  of  fermentation  aroused  much  interest 
and  discussion,  since,  at  that  time  and  for  a  long  period  thereafter, 
fermentation  wasascribed  universally  toprotcid  dccompoaition.aprocess 
which  was  entirely  obscure  but  firmly  believed  to  be  of  a  purely  chemical 
nature. 

Although  belief  in  the  discovery  of  Schwann  did  not  completely 
master  the  field  until  after  Pasteur  had  completed  his  classical  studies 
upon  the  fermentations  occurring  in  beer  and  wine,  yet  the  conception 
of  a  "  fermentum  vivum  "  aroused  much  speculation,  and  the  attention 
of  physicians  and  "scientists  was  attracted  to  the  many  analogies  ex- 
isting between  phenomena  of  fermentation  and  those  of  disease. 

The  conception  of  such  an  analogy,  however,  was  not  a  new  thought 
in  the  philosophy  of  the  time.  Long  before  Schwann  and  C^niard- 
Latour,  the  philosopher  Robert  Boyle,  working  in  the  seventeenth 
century,  had  prophesied  that  the  mystery  of  infectious  diseases  would  be 
solved  by  him  who  should  succeed  in  elucidating  the  nature  of  fermenta- 
tion. 

Nevertheless,  the  diligent  search  for  microorganisms  in  relation  to 
various  diseases  which  followed,  led  to  few  results,  and  the  successes 
which  were  attained  were  limited  to  the  diseases  caused  by  some  of 
the  larger  fungi,  favus  (1839),  thrush  (1839),  and  pityria.sis  versicolor 
(1846).  During  this  time  of  ardent  but  often  poorly  controlled  etiolog- 
ical research,  it  was  Hcnle  who  formulated  the  postulates  of  conserva- 
tism, almost  as  rigid  as  the  later  postulates  of  Koch,  requiring  that 
proof  of  the  etiological  relationship  of  a  microorganism  to  a  disease 
could  not  be  brought  merely  by  finding  it  In  a  lesion  of  the  disease,  but 
that  constant  presence  in  such  lesions  must  be  proven  and  isolation  and 
study  of  the  microorganism  away  from  the  diseased  body  must  be  car- 
ried out. 

It  was  during  this  period  Also  that  one  of  the  most  fundamental 
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questions,  namely,  that  of  the  origin  of  these  minute  living  beings,  was 
being  discuascd  with  much  passion  by  the  scientific  worid.  It  was  held 
by  the  conservative  majority  that  the  microorganisms  described  by 
Leeuwenhoek  and  others  after  him,  were  produced  by  spontaneous 
generation.  The  doctrine  of  spontaneous  generation,  in  fact,  was 
solidly  GStabliahed  and  sanctified  by  tradition,  and  had  been  appUed 
in  the  past  not  alone  to  microorganisms.'  And  it  must  not  be  forgotten 
that  without  the  aid  of  our  modem  methods  of  study,  satisfactory 
proof  for  or  against  such  a  process  was  not  easily  brought. 

Needham,  who  published  in  1745,  had  spent  much  time  in  fortify- , 
ing  his  opinions  in  favor  of  spontaneous  generation  by  extensive  ex- 
perimentation. He  had  placed  putrefying  material  and  vegetable  in- 
fusions in  sealed  flasks,  exposing  them  for  a  short  time  to  heat,  by 
immersing  them  in  a  vessel  of  boiling  water,  and  had  later  shown  them  \ 
to  be  teeming  with  microoi^anisms.  He  was  supported  in  his  views 
by  no  leas  an  authority  than  Buffon.  The  work  of  Needham,  however, 
showed  a  number  of  experimental  inaccuracies  which  were  thoroughly 
sifted  by  the  Abbi5  Spallanazani.  This  investigator  repeated  the  ex- 
periments of  Needham,  employing,  however,  greater  care  in  sealing  his 
flasks,  and  subjecting  them  to  a  more  thorough  exposure  to  heat. 
His  results  did  not  support  the  views  of  Needham,  but  were  answered 
by  the  latter  with  the  argument  that  by  excessive  heating  he  had  pro- 
duced chemical  changes  in  his  solutions  which  had  made  spontaneous 
generation  impossible. 

The  experiments  of  Schulze,  in  1836,  who  failed  to  find  living  organ- 
isms in  infusions  which  had  been  boiled,  and  to  which  air  had  been 
admitted  only  after  passage  through  strongly  acid  solutions,  and  similar 
results  obtained  by  Schwann,  who  had  passed  the  air  through  highly 
heated  tubes,  were  open  to  criticism  by  their  opponents,  who  claimed 
that  chemical  alteration  of  the  air  subjected  to  such  drastic  influences, 
had  been  responsible  for  the  absence  of  bacteria  in  the  infusion.  Similar 
experiments  by  Schroeder  and  Dusch,  who  had  stoppered  their  flasks 
with  cotton  plugs,  were  not  open  to  this  objection,  but  had  also  failed  to 
convince.    The  question  was  not  definitely  settled  until  the  years  im- 

'  VaJleri-Radot,  in  his  life  of  Pasteur,  staled  that  Van  Helmont,  in  the  six- 
teenth century,  had  given  a  celebrated  prescription  for  the  creation  of  mice 
from  dirty  linen  and  a  few  grains  of  wheat  or  pieces  of  cheese.  During  the  centu- 
ries following,  although,  of  course,  such  remarkable  and  amusing  beliefs  no  longer 
held  sway,  nevertheless  the  question  of  epoDtaneous  generation  of  minute  and 
etnictureless  bodies,  like  the  ba«t«ria,  still  found  leanted  and  thoughtful  partisans. 
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mediately,  following  1860,  when  Paateur  conducted  a  series  of  experi- 
ments which  were  not  only  important  in  incon trove rtibly  refuting  the 
doctrine  of  spontaneous  generation,  but  in  establishing  the  principles 
of  scientliic  investigation  which  have  influenced  bacteriological  re- 
search since  his  time.' 

Pasteur  attacked  the  problem  from  two  points  of  view.  In  the 
first  place  he  demonstrated  that  when  air  was  filtered  through  cotton- 
wool, innumerable  microorganisms  were  deposited  upon  the  filter.  A 
single  shred  of  such  a  contaminated  filter  dropped  into  a  flask  of  pre- 
viously sterilized  nutritive  fluid,  sufficed  to  bring  about  a  rapid  and 
luxuriant  growth  of  microorganisms.  In  the  second  place,  he  succeeded 
in  showing  that  similar,  sterilized  "  putresciblc  "  liiiuids,  if  left  in  con- 
tact with  air,  would  remain  uncontaminated  provided  that  'the  en- 
ira:nce  of  dust  particles  were  prohibited.  This  he  succeeded  in  doing  by 
devising  flasks,  the  necks  of  which  had  been  drawn  out  into  fine  tubes 
bent  in  the  form  of  a  U.  The  ends  of  these  U-tubca,  being  left  open, 
permitted  the  sedimentation  of  dust  from  the  air  as  far  as  the  lowest 
angle  of  the  tube,'  but,  in  the  absence  of  an  air  current,  no  dust  was 
carried  up  the  second  arm  into  the  liquid.  In  such  flasks,  he  showed 
that  no  contamination  took  place  but  could  be  immediately  induced 
by  slanting  the  entire  ^paratus  until  the  liquid  was  allowed  to  ruf. 
into  the  bent  arm  of  the  U-tube.  Finally,  by  exposing  a  scries  of 
flasks  containing  sterile  yeast  infusion,  at  different  atmospheric  levels, 
in  places  in  which  the  air  was  subject  to  varying  degrees  of  dust  con- 
tamination, he  showed  an  inverse  relationship  between  the  purity  of 
the  air  and  the  contamination  of  his  flasks  with  microorganisms. 

The  doctrine  of  spontaneous  generation  had  thus  received  its  final 
refutation,  except  in  one  particular.  It  was  not  yet  clear  why  com- 
plete sterility  was  not  always  obtained  by  the  application  of  dcRnite 
degrees  of  heat.  This  final  link  in  the  chain  of  evidence  was  supplied, 
some  ten  years  later,  by  Qohn,  who,  in  1871,  was  the  first  to  observe  and 
correctly,  interpret  bacterial  spores  and  to  demonstrate  their  high  powers 
of  resistance  against  heat  and  other  deleterious  influences. 

'  In  a  letter  to  his  foremoat  opponent,  at  this  period,  Pasteur  writes:  "In 
experimental  science,  it  isalways  a  mistake  not  to  doubt  when  facta  do  not  compel 
affirmation." 

The  critical  spirit  pervading  the  acientific  thought  of  that  time  in  France  is 
alao  welt  expressed  by  Oliver  Wendell  Holmes,  who  said  that  he  had  learned  three 
things  in  Paris:  "Not  to  take  authority  when  I<  can  have  facUi,  not  to  gueaswben 
I  can  know,  and  not  to  think  that  a  man  must  take  phyuc  becauw  he  is  sick." 
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Meanwhile,  Pasteur,  parallel  with  his  Tesearches  upon  Bpontaneous 
generation,  had  been  carrying  on  experiments  upon  the  subject  of 
fermentation  along  the  lines  suggested  by  Cagniard-Latour,  As  a 
consequence  of  these  experiments,  he  not  only  confirmed  the  opinions 
both  of  this  author  and  of  Schwann  concerning  the  fermentation  of  beer 
and  wine  by  yeasts,  but  was  able  to  show  that  a  number  of  olher  fer- 
mentations, such  as  those  of  lactic  and  butyric  acid,  as  well  as  the  de- 
composition of  organic  matter  by  putrefaction,  were  directly  due  to  the 
action  of  microorganisms.  It  was  the  discovery  of  the  living  agents 
underlying  putrefaction,  especially,  which  exeriod  the  moat  active 
influence  upon  the  medical  research  of  the  day.  This  is  illustrated  by 
Lister's  work.  The  suppurative  processes  occurring  in  infected  wounds 
had  long  been  regarded  as  a  species  of  putrefaction,  and  Lord  Lister, 
working  directly  upon  the  premises  supplied  by  Pasteur,  introducod 
into  both  the  active  and  prophylactic  treatment  of  surgical  wounds, 
the  antiseptic  principles  which  atone  have  made  modem  surgery  possible. 

There  now  followed  a  period  in  which  bacteriological  investigation 
was  concentrated  upon  problems  of  etiology.  Stimulated  by  Pasteur's 
successes,  the  long-cherished  hope  of  finding  some  specific  microorgan- 
ism as  the  causal  agent  in  each  infectious  disease  was  revived. 

PoUender,  in  1855,  had  reported  the  presence  of  rod-shaped  bodies 
in  the  blood  and  spleen  of  animals  dead  of  anthrax,  Brauell,  several 
years  later,  had  made  similar  observations  and  had  expressed  dcRnito 
opinions  as  to  the  causative  relationship  of  these  rods  to  the  disease. 
Convincing  proof,  however,  had  not  been  brqught  by  either  of  these 
observers.  Finally,  in  1863,  Davaine,  in  a  scries  of  brilliant  investi- 
gations, not  only  confirmed  the  observations  of  the  two  authors  men- 
tioned above,  but  succeeded  in  demonstrating  that  the  di^asc  could 
be  transmitted  by  means  of  blood  containing  those  rods  and  could  never 
be  transmitted  by  blood  from  which  these  rods  were  absent.  Anthrax, 
thus,  is  the  first  disease  in  which  definite  proof  of  bacterial  causation 
was  brought. 

Speaking  before  the  French  Academy  of  Medicine  at  thb  time, 
Davaine  suggested  that  the  manifestations  of  the  disease  might  in 
reality  represent  the  results  of  a  specific  fermentation  produced  by  the 
bacilli  he  had  found.  This,  in  a  crude  way,  expresses  the  modem 
conception  of  infectious  disease. 

Within  a  few  years  after  this,  1868,  the  adherents  of  the  parasitic 
theory  of  infectious  diseases  were  further  encouraged  by  the  discovery, 
by  Obermeier,  of  a  spirillum  in  the  blood  of  patients  sufiering  from 
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relapsing  fever.  It  ia  not  surprising  that  the  succeases  attained  in  these 
diseases,  fostering  hope  of  analogous  results  in  all  other  similar  condi- 
tions, but  without  the  aid  of  adequate  experimental  methods,  should 
have  led  to  many  unjustified  claims  and  to  much  fantastic  theorizing. 
ThuH  Hallicr,  at  about  thiu  time,  lulvancod  a  theory  as  to  the  etiology 
of  infectious  dLseatiies,  in  which  ho  attributed  al!  such  conditions  to  the 
moulds  or  hyphomycet«*j  regarding  the  einaller  form  or  bacteria  as 
developmental  stages  of  thetc  more  complicated  forms.  Extravagant 
conjectures  of  this  kind,  however,  did  not  maintain  themselves  for  any 
length  of  time  in  the  light  of  the  critical  attitude  which  was  already 
pervading  bacteriological  research. 

Progress  was  made  during  the  years  immediately  following,  chiefly 
in  the  elucidation  of  suppurative  processes.  Rindfleisch,  von  Reckling- 
hausen, and  Waldeyer,  almost  simultaneously,  described  bodies  which 
they  observed  in  sections  of  tissue  containing  abscesses,  and  which  they 
believed  to  be  microorganisms.  Notable  support  was  given  to  their 
opinion  by  similar  observations  made  upon  pus  by  Klebs,  in  1870.  In 
view,  however,  of  the  purely  morphological  nature  of  their  studies,  the 
opinions  of  these  observers  did  not  entirely  prevail.  Satisfactory 
methods  of  cultivation  and  isolation  ha<l  not  yet  been  developed,  and 
Billroth  and  his  followers,  with  a  conservatism  entirely  justified  under 
existing  conditions,  while  admitting  the  constant  presence  of  bacteria 
in  purulent  lesions,  denied  *heir  etiological  significance.  The  coniro- 
versj'  that  followed  was  rich  in  suggestions  which  greatly  facilitated 
the  work  of  later  investigators,  but  could  not  be  definitely  settled  until 
1880,  when  Koch  introduced  the  technical  methods  which  have  made 
bacteriol<^y  an  exact  science.  By  the  use  of  solid  nutritive  media,  the 
isolation  of  bacteria  and  their  biological  study  in  pure  culture  were  made 
possible.  At  alwut  the  same  time  the  use  of  anilin  dyes,  developed 
by  Weigert,  Koch,  and  Ehrlich,  was  introduced  -jito  morphological  study 
and  facilitated  the  observation  of  the  finer  structural  details  which  had 
bei^n  unnoticed  while  only  the  grosser  methods  employed  for  tissue 
staining  had  been  available. 

With  the  publication  of  Koch's  work,  there  licgan  an  era  unusually 
rich  in  results  held  in  lea-sh  heretofore  by  ina<lequate  technical  methods. 
The  discovery  of  the  typhoid  bacillus  in  18S0,  of  the  bacillus  of  fowl 
cholera  and  the  piieumoeoccus  in  the  same  year,  and  of  the  tubercle 
bacillus  in  1S82,  initiated  a  series  of  etiological  discoveries  whi<;h,  ex- 
tending over  not  more  than  fifteen  years,  elucidated  the  causation 
of  a  majority  of  the  infectious  diseases. 
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Coincident  with  the  elucidation  of  etiological  facts  began  the  inquiry 
into  that  field  which  is  now  apoken  of  aa  the  science  of  immunity.  The 
phenomena  which  accompany  the  development  of  inBUsceptibility 
to  bacterial  infections  in  man  and  in  animals,  first  studied  by  Past«ur, 
have  become  the  subject  of  innumerable  researches  and  have  led  to 
results  of  the  utmost  practical  value. 

The  problems  which  were  encountered  were  fire'  studied  from  a 
purely  bacteriological  point  of  view,  but  their  solution  has  shed  light 
upon  biological  principles  of  the  broadest  application,  Investigations 
iiito  the  properties  of  immune  sera,  while  making  bacteriology  one  of 
the  most  important  branches  of  diagnostic  and  therapeutic  medicine, 
have,  at  the  same  time,  inseparably  linked  it  with  physiology  and 
experimental  pathology. 

.  By  the  revelations  of  etiological  research,  and  by  the  study  of  the 
biological  properties  of  pathogenic  bacteria,  contagion,  an  enemy  hitherto 
unseen  and  mysterious,  was  unmasked,  and  rational  campaigns  of  public 
sanitation  and  personal  hygiene  were  made  possible.  Upon  the  saiue 
elucidations  has  depended  the  development  df  modem  surgery — a 
science  which  without  asepsis  and  antisepsis  would  have  been  doomed 
to  remain  in  its  medieval  condition. 

Apart  from  its  importance  in  the  purely  medical  sciences,  the  study 
of  the  bacteria  has  shed  beneficial  light,  moreover,  upon  many  other 
fields  of  human  activity.  In  their  relationship  to  decomposition,  the 
conditions  of  the  soil,  and  to  diseases  of  plants,  the  bacteria  have  been 
found  to  occupy  a  position  of  great  importance  in  agriculture.  Knowl- 
edge of  bacterial  and  yeast  ferments,  furthermore,  has  become  the  scien- 
tific basis  of  many  industries,  chiefly  those  concerned  in  the  production 
of  wine,  beer,  and  dairy  products. 

The  scope  of  bacteriology  is  thus  a  wide  one,  and  none  of  its  various 
fields  has,  as  yet,  been  fully  explored.  The  future  of  the  science  is  rich 
in  allurement  of  interest,  in  promise  of  result,  and  in  possible  benefit 
to  mankind. 


Digitized  by  Google 


CHAPTER  II 


GENERAL   MORPHOLOGY,    REPRODUCTION,    AND  CHEMICAL 
AND  PHYSICAL  PROPERTIES  OP  THE  BACTERIA 

Bacteria  are  exceedingly  minute  unicellular  organisms  which  ma^ 
occur  perfectly  free  and  singular,  or  in  lai^r  or  smaller  aggregations, 
thus  forming  multicellular  groups  or  colonies,  the  individuals  of  which 
are,  however,  physiologically  independent. 

Tho  cells  themselves  have  a  number  of  basic  or  ground  shapes  which 
may  Im?  roughly  considered  in  three  main  classes:  The  cocci  or  spheres. 
ihe  bacilli  or  straight  rods,  ai^l  t|hp  miiHIln  nr  curvpH  rod  forma. 

The  cgpi'i  ari»  when  fully  developed  and  free,  perfectly  spherical. 
WTien  two  or  more  are  in  apposition,  they  may  bi'  slightly  flattened  along 
the  tangential  surfaces,  giving  an  oval  apfjearance. 

The  bacilli,  or  rod-shaped  forms,  consist  of  elongated  cells  whose 
long  diameter  may  be  from  two  to  ten  times  as  great  as  their  width, 
with  ends  squarely  cut  off,  as  in  the  case  of  bacillus  anthracis,  or  gently 
rounded  as  in  the  case  of  the  typhoid  bacillus. 

The  minllg  may  vary  from  small  commar^haped  microorganisms, 
containing  but  a  single  curve,  to  longer  or  more  sinuous  forms  which 
may  roughly  be  compared  to  a  corkscrew,  being  made  up  of  five,  six, 
or  more  curves.  The  turns  in  the  typical  mii^roorganisms  of  this  class  are 
always  in  three  planes  and  are  spiral  rather  than  simply  curved. 

Among  the  known  microorganisms,  the  bacilli  by  far  outnumber 
other  forms,  and  are  probably  the  most  (rommon  variety  of  bacteria  in 
existence.  Many  variations  from  these  fundamental  types  may  occur 
even  under  normal  conditions,  but  contrary  to  earlier  opinions  it  is 
now  positively  known  that  cocci  regularly  reproduce  cocci,  bacilli 
bacilli,  and  spirilla  spirilla,  there  being,  as  far  as  we  know,  no  mutation 
from  one  form  into  another. 

The  size  of  bacteria  is  subject  to  considerable  variation.  Cocci  may 
vary  from  .15  ;i  to  2.  ;i  in  diameter.  The  average  size  of  the  ordinary 
pus  coccus  varies  from  .8  p  to  1.2  /<  in  diameter.  Fischer  has  given  a 
graphic  illustration  of  the  size  of  a  staphylococcus  by  calculating  that 
one  billion  micrococci  could  easily  be  contained  m  a  drOp  of  water  hav- 
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ing  a  volume  of  one  cubic  millimeter.  Among  the  bacilli  the  range  of 
size  is  subject  to  even  greater  variations.  Probably  the  smallest  of  the 
common  bacilli  is  the  bacillus  of  iiiHucnKa  which  measures  about  .5  /i  in 
length  by  .2  /( in  thickness.  The  limit  of  the  optical  possibilities  of  the 
modem  microscope  is  almost  reached  by  some  of  the  known  micro- 
organisms, and  it  is  not  at  all  out  of  question  that  some  of  the  diseases, 
for  which,  up  to  the  present  time,  no  specific  microorganiams  have 


Fio.  1. — Ttprb  of  Bacterial  Morphologt. 

been  found,  may  be  caused  by  bacteria  so  small  as  to  be  invisible  by  any 
of  our  present  methods.  In  fact,  the  virus  causing  the  peripneumonia  of 
cattle  has  been  shown  to  pass  through  the  pores  of  a  Bcrkefolil  filter, 
which  are  impenetrable  to  the  smallest  of  the  known  bacteria.' 


HOEPHOLOOT  07  THE  BAOTEBUL  CELL 

When  unstained,  most  bacteria  are  transparent,  colorless,  and  ap- 
parently homogeneous  bodies  with  a  low  refractive  index.-  The  cells 
themselves  consist  of  a  mass  of  protoplasm,  surrounded,  in  most  in- 
stances, by  a  delicate  cell  membrane. 

The  presence  of  a  nvdeva'  in  bacterial  cells,  though  denied  by  the 
earlier  writers,  has  been  demonstrated  beyond  question  by  Zettnow, 
Nakanishi,'  and  others.  The  original  opinion  of  Zettnow  was  that  the 
entire  bacterial  body  consisted  of  nuclear  material  intimately  inter- 
mingled with  the  cytoplasm.    The  opinion  now  held  by  most  observers 

iNoeardand  Rfux,  Ann.  Past,,  12,  1S98. 

^A.  Pitcher,  Jahrbficber  f.  wissen.  Botaoik,  xxviL 

■  JVojtonuAi,  Munch,  med.  Woch.,  vi,  1900. 
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who  have  studied  this  phase  of  the  subject  favors  the  existence  of  an 
ectoplasmic  zoae  which  includes  cell  nipmhrftne  ami  fljtf>y|l)t,  but  is 
definitely  a  part  of  the  cytoplasm,  and  an  entoplasm  in  which  is  con- 
centrated the  nuclear  material.  Biitschli '  claims  to  have  demonstrated 
within  this  entoplasmic  substance  a  reticular  meshwork,  between  the 
spaces  of  which  lie  granules  of  chromophilic  or  nuclear  material. 
Confirmation  of  this  opinion  Raa  been  brought  by  Zettnow  -  and  others. 
Nskanishi,  working  with  a  special  staining  method,  asserts  that  some 
microorganisms  show  within  the  cntoplasmic  zone  a  well-defined, 
minute,  round  or  oval  nucleus,  which  posscAscH  a  definitely  charac- 
teristic staining  reaction.* 

In  the  bodies  of  a  large  numlf^r  ftf  l""'t'''-iii  notal»Iy  in  those  of  the 
diphtheria  group,  ICrnst,*  Babes,*  and  others  have  tlenionstrated 
granular,  deeply  Htaining  bodies  now  spoken  of  as  melachromalk  (/raniilee.  . 
or  Babes-Ernst  granules,  or,  because  of  their  fnxiucnt  i>osition  at  the  ends 
of  bacilli,  as  polar  htx^Jes.  These  structures  are  incgular  in  size  and 
number,  and  have  a  strong  affinity  for  dyes.  They  are  stained  dis- 
tinctly dark  in  contrast  to  the  rest  of  the  bacterial  cell  with  methylene 
blue,  and  may  be  demonstrated  by  the  special  methods  of  Neisser  and 
of  Roux.*  Their  interpretation  has  been  a  matter  of  much  difficulty 
and  of  varied  opinion.  Those  who  first  observed  them  held  that  they 
were  a  part  of  the  nuclear  material  of  the  cell.  Others  have  rcgardctl 
them  as  an  early  st^e  in  spore  formation,  or  a^  arthrosporcs.'  .\gain, 
they  have  been  interpreted  as  structures  comparable  to  the  ccntrosonies 
of  other  unicellular  forms.  As  a  matter  of  fact,  the  true  nature  of  those 
bodies  is  by  no  means  certain.  They  are  present  most  regularly  in 
microorganisms  taken  from  young  and  vigorous  cultures  or  in  those 
taken  directly  from  the  lesions  of  disease.    It  is  unUkely  that  they  repre- 


I  BiiUMi, "  Bau  dcr  Boktericn,"  Leipzig,  1890.    *  Zettnow,  Zeit.  F.  Hyg.,  xxi  v,  1897. 

>  T)ie  methcxl  of'  Nakanishi  m  carried  out  as  folloWB:  Thoroughly  cleansed 
slkles  arc  covered  with  a  sattirated  atjuecms  solution  of  methylene  blue.  This  is 
spread  over  the  slide  in  an  even  film  anil  allowed  to  dry.  After  drying,  the  slide 
dioukl  be  of  a  transparent,  sky-blue  color.  The  microorganisnis  to  be  exaniined  arc 
then  eiDuIsificd  In  warm  water,  or  are  taken  trom  the  fliii<l  inetlia,  and  dropped  upon 
a  cover  slip.  This  is  place<l,  face  downward,  upon  the  blue  ground  of  the  slide.  In 
tliis  way,  bacl«ria  are  stained  without  fixation.  Nakanishi  claims  that  by  this 
metbwl  the  entoplasmisstained  blue,  while  the  nuclear  material  appears  of  a  reddish 
or  purplish  hue. 

•  Ema,  Zeit.  f.  Hyg.;  iv,  1888.  •  Bobet,  Zeit.  f.  Hyg.,  v,  1889. 

•  See  section  on  stains,  p.  107.  '  Sec  section  (Hi  sporulation,  p.  16. 
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sent  structures  in  any  way  comparable  to  spores,  since  cultures  con- 
taining individuals  showing  metachromatic  granules  are  not  more 
resistant  to  deleterious  influences  than  are  others.  Their  abundant 
presence  in  yoimg  vigorous  cultures  may  indicate  a  relationship  between 
them  and  the  growth  energy  of  the.  microorganisms.  There  is  no  proof, 
however,  that  these  bodies  affect  the  virulence  of  the  bacteria. 

Cell  Uembrans  and  Capsule. — Actual  proof  of  the  existence  of  a  cell 
membrane  has  been  brought  in  the  cases  of  some  of  the  larger  forms 
only,*  but  the  presence  of  such  envelopes  may  be  inferred  for  most 
bacteria  by  their  behavior  during 
plasmolysis,  wjiere  definite  retrac- 
tion of  the  protoplasm  from  a 
well-defined  cell  outline  has  been 
repeatedly  observed.  The  occur- 
rence, furthermore,  of  so-called 
"shadow  forms"  which  appear  as 
empty  capsules,  and  of,  occasion- 
ally, a  well-outlined  cell  body, 
after  the  vegetative  form  has  en- 
tirely degenerated  in  the  course 
of  sporulation,  make  the  assump- 
tion of  the  presence  of  a  cell 
_     „    „  membrane  appear  extremely  well 

founded.  Differing  from  the  cell 
membranes  of  plant  cells,  cellulose 
has  not,  except  in  isolated  instances,  been  demonstrable  for  bacteria, 
fuid  the  membrane  is  possibly  to  be  regarded  rather  as  a  peripheral 
protoplasmic  zone,  which  remains  unstained  by  the  usual  manipula- 
tions. Zettnow,*  who  lias  carefully  studied  the  structure  of  some  of 
the  larger  forms,  takes  the  latter  view,  and  regards  the  "ectoplasmic" 
zone  as  a  part  of  the  cell  protoplasm  devoid  of  nuclear  material.  Slett- 
Dow's  opinion  is  borne  out  by  the  greatly  increased  size  of  the  bacterial 
cells  as  seen  by  means  of  special  stains. 

Many  bacteria  have  been  shown  to  possess  a  mucoid  or  gelatinous 
envelope  or  capsuk.  According  to  Migula,*  such  an  envelope  is  present 
on  all  bacteria,  though  it  is  in  only  a  few  species  that  it  is  sufficiently 
well  developed  and  stable  to  be  easily  demonstrable  and  of  differential 

>  B^taiMi,  ]oc.  cit.  '  ZeHnoio,  loo.  dt. 

*  Migida,  "Systemo  d.  Bakt«rien,"  1,  p.  56. 
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value.  When  stoned,  the  capeule  takes  the  onUnaiy  anilin  dyee  less 
deeply  than  does  the  bacterial  cell  body,  and  varies  greatly  in  thickness, 
ranfpng  from  a  thin,  just  visible  mai^n  to  dimensioaB  four  or  five 
times  exceedii^  the  actual  size  of  the  bacterial  body  itself.  This  struc- 
ture is  perfectly  developed  in  a  limited  number  of  bacteria  only  in  which 
it  then  becomes  an  important  aid  to  identification.  Most  prominent 
among  such  bacteria  are  Diplococcnf  pnff^imoniiPj  Micrococcus  tetrar 
genua.,  the  bacilli  of  the  Friedl&nder  group,  and  B.  aeronrenes  capsulatua. 
The  dgvelopment  of  the  capsule  seems  to  depend  intimately  uptm  the 
'■]vv|ri|pn'ppt  frftn^  which  ^be  bacteria  are  taken.  It  is  moat  easily  de- 
monstrable  in  preparations  of  bacteria  taken  directly  from  animal  tis- 
sues and  Suids,  or  from  media  containing  animal  serum  or  milk.  If 
cultivated  for  a  proloi^^  period  upon  artificial  media,  many  otherwise 
capsulated  microorCTJUBma  no  longer  show  tliiakharacteristic  structure. 

Capsules  may  be  demonstrated  on  bacteria  taken  from  artificial 
media  most  successfully  when  albuminous  substances,  -such  as  ascitic 
fluid  or  blood  serum,  are  present  in  the'  culture  media,  or  when  the 
bacteria  are  smeared  upon  cover  slip  or  slide  in  a  drop  of  beef  or  other 
serum.'  Most  observers  believe  that  the  capsule  reprps^nte  a  Hw<>llinp 
of  the  ectorfl"""!'^  *"""  »f  hft/.tf.iHft  By  others  it  is  r^arded  as  an 
evidence  of  the  formation  of  a  mucoid  intercellular  substance,  some  of 
which  remains  adherent  to  the  individual  bacteria  when  removed  from 
cultures.  It  is  noticeable,  indeed,  that  some  of  the  capsulated  bacteria, 
especially  Streptococcus  mucosus  and  B.  mucosus  capsulatus,  develop 
such  slimy  and  gelatinous  colonies  that,  when  these  are  touched  with  a 
platinum  wire,  mucoid  threads  and  strings  adhere  to  the  loop.  Exactly 
what  the  significance  of  the  cai^les  is  cannot  yet  be  decided. 

There  is,  however,  definite  reason  to  believe  that  there  is  a  direct 
relation  between  virulence  and  capsulation;  capsulated  bacteria  are 
less  easily  taken  up  by  plunrocyt^s  than  are  the  non-capsulatcd  mem- 
bers  of  the  same  species.  Altto,  as  ^'orges  and  others  have  shown, 
capsulated  organisms  are  not  easily  amenable  to  the  aggiutinatinjif  action 
irf  ipimiin(>  flfrfl,  Many  bacteria  (plague,  anthrax)  which  are  habitu- 
ally uttcapsulated  on  artificial  media  acquire  capsules  within  the  in- 
fected animal  body.  *  Also  in  some  species  (pneumococci),  the  loss 
of  capsule  formation  as  cultivated  on  the  simpler  media  is  accompanied 
by  a  diminuticHi  of  virulence. 

Organi  of  Locomotioii. — When  suspended  in  a  drop  of  fluid  many 
bacteria  are  seen  to  be  actively  motile.    It  is  important,  however,  in 


>  Hitt,  Jour.  Exp.  Med:,  vi,  1905. 
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all  cases  to  distinguish  between  actual  motility  and  the  so-called  Brown 
ian  or  molecular  movement  which  takes  place  whenever  small  particles 
are  held  in  suspension  in  a  fiuid. 

Brownian  or  molecular  movement  is  a  phenomenon  entirely  ex- 
plained by  the  physical  prineiplea  of  surface  tension,  and  has  absolutely 
no  relation  to  independent  motility.  It  may  be  seen  when  particles  of 
carmine  or  any  other  insoluble  substance  are  suspended  in  water,  and 
consists  in  a  rapid  to  and  fro  vanillation  during  which  there  is  actually 
no  permanent  change  in  position  of  the  moving  particle  except  mas- 
much  as  this  is  influenced  by  eui-rents  in  the  drop. 

The  true  motility  of  bacteria,  on  the  other  hand,  is  active  motion 
due  to  impulses  originatrng  in  the  bacterii^  f.hpmsplvpji  whi>rt.  the  actual 
position  of  the  bacterium  in  the  field  is  permanently  changed. 

The  ability  to  move  in  this  way  Is,  so  far  as  we  know,  limited  almost 
entirely  l-t*  thi'  tti^filli  ami  Mpiri||a^  there  being  but  few  instanctis  where 
members  of  the  cocrua  group  show  active  motility.  In  all  cases,  with 
the  exception  of  some  of  the  spirochetes,  where  motility  may  occaMionally 
be  due  to  an  undulating  membrane  marginally  placed  along  the  bqtiy, 
bacterial  motility  is  due  to  hair-like  organs  known  as  faaeUa.  These 
flagella  have  rarely  bi^en  seen  during  life,  and  their  recognition  and  study 
has  been  made  possible  only  by  special  staining  methods,  such  as  those 
devised  by  Loeffler,  van  Ermengem,  Pitt,  and  others. 

In  such  stained  preparations,  the  bacterial  cell  bodies  often  appear 
thicker  than  when  ordinary  dyes  arc  used,  and  the  flagella  apparently 
are  seen'to  arise  from  the  thickened  cctoplasmic  zone. 

The  flagella  are  long  filaments,  averaging  in  thickness  from  one-tenth 
to  one-thirtieth  that  of  the  h  arte  rial  bofly,  which  often  are  delicately 
waved  and  unihilating,  and,  judging  from  the  )Misitions  in  which  they 
become  fixed  in  preparations,  move  by  a  wavy  or  screw-like  motion. 
In  length  Ihey  are  subject  to  much  variation,  but  are  supposed  ti>  I>e 
generally  longer  in  old  than  in  yoimg  cidtures.  Veiy  .short  flagella  have 
been  described  only  on  nitrosomonas,  one  of  the  nitrifying  bacteria 
discovered  by  Winognulsky.' 

As  to  the  finer  structures  of  flagella,  little  can  be  made  out  except 
that  they  possess  a  higher  refractive  index  than  the  cell  body  itself, 
and  that  they  can  be  stained  only  with  those  dyes  which  bring 
clearly  into  view  the  supposedly  true  cytoplasm  of  the  cell. 
Whether  they  penetrate  this  cytoplasmic  membrane  or  whether  they 


>  Winagradgky,  Aieh.  des  aci.  biulogiqueB,  St.  PetersbiirK,  1892,  I,  1  and  2. 
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arc  a  direct   continuation  of    this  peripheral   zone   of  the   bacterial 
body,  can  not  be  derided. 

The  manner  in  which  bacteria  move  va  naturally  subject  to  some  var- 
iation depending  upon  the  number  and  position  of  the  flagella  possessed 
by  them.  \Vbether  bacteria  exercise  or  not  the  power  of  motility  de- 
ponds  to  a  large  extent  upon  their  present  or  previous  environment. 
Thfy  Ri-^  ii«i](^lly  Tnnat,  motile  in  vigorous  young  cultures  of  from  twonty- 
four  to  forty-eight  hours'  growth  in  favorable  media.  In  old  cultures 
motility  may  be  diminished  or  even  inhibited  by  acid  formation  or  by 
other  deleterious  products  of  the  bacterial  metabolism. 

At  the  optimum  growth-temperature  motility  is  most  active,  and  a 
diminution  or  increase  of  the  temperature 
to  any  considerable  degree  diminishes  or 
inhibits  it.  Thus  actively  motile  organism?, 
in  the  fluid  drop,  may  be  seen  to  diminish 
distinctly  in  activity  when  left  for  any 
prolonged  time  in  a  cold  room,  or  when 
the  preparation  is  chilled.  Any  influence, 
in  other  words,  chemical  or  physical,  which 

tends  to  injure  or  depress  physiologically  the  bacteria  in  any  way,  at 
the  same  time  tends  to  inhibit  their  motility. 

Messes'  has  proposed  a  classification  of  bacteria  which  is  based 
upon  the  arrangement  of  their  organs  of  motility,  as  follows: . 

I.  Gymnobacteria,  posaeH.sing  no  flagella. 

II.  Trichobacteria,  with  flagella. 

1.  Monotricha,  having  a  single  flagellum  at  one  pole. 

2.  Lophotricha,  having  a  tuft  of  flagella  at  one  pole. 

3.  Amphitricha,  with  flagella  at  both  poles. 

4.  Peritricha,   with   flagella   eomplctcly   surrounding  the   bac- 

terial body. 
Baeterial  Sporai. — A  large  number  of  bacteria  possesses  the  power  of 
.l^wjoping  int^  ft  anrt  ftf  encyskll  "r  TY-atJng  stfltm  hv  n  pmceas  commnnlv 
spoken  of  as  sporulation  or  spore  fm-inntiftn.  The  formation  of  spores 
by  bacteria  depends  largely  upon  environmental  conditions,  and  the 
optimum  environment  for  spore  formation  differs  greatly  for  various 
species.  It  is  usually  necessary  that  a  temperature  of  over  20°  C. 
exist  in  order  that  spores  may  be  formed.  Unfavorable  factors,  like 
acid  formation,  accumulation  of  bacterial  products  in  old  cultures,  or 


tMeaaea,  Cent.  f.  Bakt.,  I,  R«(.  ix,  1891. 
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lack  of  nutrition,  frequently  seem  to  constitute  the  etimuli  which  lead 
to  Bporulation.  In  the  caae  of  some  species,  notably  the  anthrax  bacillus, 
Bpores  are  fonned  only  in  the  presence  of  free  oxygen  and  are  therefore 
never  formed  within  the  tisauea  of  infected  animals.  It  is  claimed  that 
some  of  the  pathogenic  anaerobes,  like  B.  tetani  and  the  bacillus  of 
malignant  edema,  may  form  spores  anaerobic  ally.  Nevertheless  it  has 
been  observed  that  when  an  absotute  exclusion  of  oxygen  is  practiced 
in  the  cultivation  of  these  bacteria,  vegetative  forms  only  are  seen  in 
the  cultures,* 

The  process  of  sporulation  is  by  no  means  to  be  regarded  as 
a  method  of  multiplication,  since  it  rarely  occurs  thai  a  single  bacil- 
lus produces  more  than  one  spore.  In  some  species  of  baeteria  the 
formation  of  several  spores  in  one  individual  has  occasionally  been 
observed,  but  there  can  be  no  question  about  the  fact  that  such  a 
condition  is  exceptional. 

Varieties  of  spores  are  often  recognized,  the  so-called  arthrospores 
and  the_true  spores  or  endosiiorcs.  It  is  seriously  in  doubt  whether  the 
structures  once  spoken  of  as  arthrosj-orcs  should  be  considered  as  in  any 
way  comparable  to  true  spores.  They  are  represented  by  the  granular 
and  globular  appearances  occasionally  observed  in  old  cultures  of  some 
bacteria,  notably  streptococcus,  cholera  spirillum,  diphtheria  bacillus, 
and  others.  It  was  believed  that  they  were  due  to  a  transformation  of 
certain  inJividuabt  of  the  cultures  into  more  resistant  forms.  It  is 
probable,  however,  that  such  structures  are  merely  to  be  regarded  as 
evidences  of  involution  or  drgeneration.  since  it  has  never  been  demon- 
strated that  cultures  containing  them  are  more  resistant  either  to  dis- 
infectants or  to  heat,  than  cultures  showing  no  evidences  of  such  forms. 
The  true  spom  pr  rnf1n'T""""n  M^  "'ost  common  am»py  h^rilli  ami 
are  rareW  ifhBprvpd  ..mfnp-  (he  s^>hpH<-^|  haptprin  Thuv  arise  within 
the  body  of  the  individual  bacterium  as  a  small  granule  which  probably 
represents  a  concentration  of  the  protoplasmic  substance.  Nakaiiishi' 
claims  that  there  is  a  definite  relation  between  these  sporogenic  globules 
and  the  nuclear  material  of  the  bacterial  cell.  At  the  time  at  which 
sporulation  occurs  there  is  usually  a  slight  and  gradual  thickening  of  the 
bacillary  body.  After  the  formation  of  this  thickening,  a  spore  mem- 
brane appears  about  the  same  thickened  area.  The  completed  spore  is 
usually  round  or  oval,  has  an  extremely  high  refractive  index,  and  a 

•Zinaxr,  Jour.  Ejtp.  Med.,  viii,  1906,  p.  542. 
^Nakani^i.  Milacb.  med.  Woch.,  1900,  p.  680. 


Digitized  by  Google 


0  0  ?H 


MORPHOLOGY,   REPRODUCTION,   ETC.  17 

membrane  which  is  very  resistant.  MuhlHchlogel '  believes  that  the  apore 
membrane  in  a  double  utructuro,  and,  as  stated  before,  Nakanishi  believes 
that  the  spore  contains  nuclear  material. 

The  position  of  the  spore  in  the  mother  cell  is  of  some  differential 
importance  in  that  it  is  usually  con-  #•*■*'" 
stant  for  one  and  the  same  species. 
Thus,  the  spores  of  the  tetanus 
bacillus  are  regularly  situ&ted  at 
the  extreme  ends  of  the  bacillary 
bodies,  while  those  of  anthrax  are 
situated  at  or  near  the  middle. 

Physiologically,  sporulation  is  probably  to  be  regarded  as  a  method 
of  encvstment  for  the  purpow  of  reflistirnr  unf;>vnriihlp  environ nif^nt. 
jl  and  it   iw   indeed    true   that   Hpociea 

l^*/*I>  °^  bacteria  the  vegetative  forms  of 

OOOOCdJfln  H    ^  which   are   rather  easily  injured  by 

\J  \\  Y\  heat,   light,    drying,    and  chemicals 

have  a  comparatively  enormous  re- 
sistance to  these  agents  after  the 
formation  of  spoi'cs.  Thus,  while  a 
10-per-cent  solution  of  carbolic  acid 
will  kill  the  vegetative  forms  of 
anthrax  bacilli  within  twenty  min-- 
••  »•        '  utes,  anthrax  spores  arc  able  to  resist 

^'y  the    same    disinfectant   for   a   long 

period  in  a  concentration  of  over  50 
€  per  cent;  and  while  the  vegetative 

g^  ^^»  forms  of  the  same  bacillus  show  little 
•  0  ^O  ^9  fy^  (7*  more  resistance  against  moist  heat 
Fia.  6.-<3eruinatiom  OF  Spobbs.  ^^»-^  other  vegetative  fonns.  the 
A,  Bacillus  aubtilis,  equatorial  spore  spores  will  withstan<l  the  action  of 
germiiuitioD;  B,  Bacillus  anthracis,  live  steam  for  as  long  as  ten  to  twelve 
gmninatioc  by  Bimple  trwwition;  C,  minutes  and  more. 
<Wrydium  butyrieum,  polar  germi-  Whenever   the  spores  of  any  mi- 

nation.  .  u.    ■  . 

croorganism  are  brought  mto  an  cn- 

vironmeat  suitable  for  bacterial  growth  as  to  temperature,  moisture, 
and  nutrition,  the  spores  develop  into  vegetative  forms.  This  process 
differs  according  to  species.    In  general  it  consists  of  an  elongation  of 

>  MMtehUgd.  Cent.  [.  Bakt.,  II  Abt.,  vi,  ISOO,  p.  66. 
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the  spore  body  with  a  loss  of  its  highly  retractile  character  and  resist- 
ance to  staining  fluids.  The  developing  vegetative  cell  may  now 
rupture  and  slip  out  of  the  spore  membrane  at  one  of  it.q  ppjes,  Ip^v - 
ing  the  empty  spore  capsule  still  visible  and  attached  to  the  bacillar>' 
body.  Again,  a  similar  proceas  may  take  nlace  equatoriallv  instead 
of  at  the  pole.  In  other  species  again,  there  may  be  no  rupture  of 
the  spore  membrane  at  all,  the  vegetative  form  arising  by  graduaj 
elongation  of  the  spore  and  an  absorption  or  solution  of  the  mem- 
brane which  is  indicated  by  change  in  staining  reaction.  Division  by 
fission  in  the  ordinary  way  then  ensues. 

BEPBODUCTION  OF  BACTERIA 

Bacteria  miiltinlv  bv  ci;ll  iUvkion  or  fission.  A  young  individual 
increases  in  size  up  to  the  limits  of  the  adult  form,  when,  by  simple 
cleavage,  pt,  ■■^(■I't-  ""("Ipp  filT  til"  '""H  ""'"'i  without  any  discoverable 
process  of  mitosis  or  nucSear  changes,  it  divides  into  two  individuals. 
In  spite  of  the  claims  of  various  bacteriologists,  notably  Nakanishi,' 
traceable  analogy  to  tlie  karyokinesis  of  other  cells  has  not  been 
definitely  established.  In  the  case  of  the  epherical  bacteria  a  slight 
change  to  the  elliptical  form  takes  place  just  before  cleavage  and 
this  clciivai^n  piny  nppiir  jn  ^nn  pipn.e  onlv^  in  two  plajies.  or  in  three 
■  planes.  According  to  the  limitations  of  cleavage  direction,  the  cocci 
assume  a  chained  appearance  Cstrentx>ef)^^f;i) .  a  grape-like  appearance 
(staphylococci),  or  an  arrangement  in  packets  or  cubes  having  three 
dimensions  (sarcinm).  In  the  cases  of  bacilli  and  spirilla,  cleavage 
takes  place  m  the  direction  of  the  short  axis.  The  individuals,  after 
cleavage,  may  separate  from  each  other,  or  may  remain  mutually 
coherent.  The  cohesion  after  cleavage  is  pronounced  in  some  species  of 
bacteria  and  slight  in  others,  and,  together  with  the  plane  of  cleavage, 
determines  the  morphology  of  the  cell-groups.  Thus  aniong  the  cocci 
diplo-  or  double  forms,  long  chains  and  short  chains  may  arise  and  fur- 
nish ft  characteristic  of  great  aid  in  differentiation.  Similarly  among 
the  bacilli  there  arc  forms  which  appear  characteristically  as  single 
individuals  and  others  which  form  chains  cf  varying  length. 

The  nit^'  of  growth  varies  to  a  certain  extent  with  the  species,  and 
also  with  the  favorable  or  unfavorable  character  of  the  environment. 
A  generation,  that  is,  the  time  elapsing  in  the  interval  between  one 

>  Nakaniski,  Cent.  t.  Bakt.,  I,  xxx,  1901. 
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cleavage  and  the  next,  has  been  estimated  by  A.  Fischer'  as  being 
about  twenty  minutes  for  tlic  cholera  spirillum  and  16-20  minutes  for 
bacillus  coli  communis,  under  the  most  favorable  conditions.  The  same 
author  has  calculated  that  imder  these  conditions  a  single  cholera 
spirillum  would  yield  1600  trillions  in  a  single  day.  Such  a  multiplica- 
tion rate,  however,  is  probably  not  usual  under  natural  or  even  artificial 
i-onditions,  both  on  account  of  lack  of  nutritive  material  and  because  of 
inhibition  of  the  growth  of  the  bacteria  by  their  own  products. 

VARIATIONS  OF  BAOTBBIAL   F0BK8 

Variations  from  the  basic  forma  considered  in  the  preceding  sec- 
tion may  occur,  but  are  not  common  among,  bacteria  under  normal 
conditions.    Thus  the  formation  of  chib  shapes  by  a  thickening  of  the 


Fio.  6, — Dboenbration  Forma  <ip  Bacillus  Diphtkbri.b.    (After  Zettnow.) 


baeillary  body  at  one  or  both  ends  has  been  frequently  observed  among 
bacteria  of  the  diphtheria  group,  and  in  the  glanders  bacillus,  and  an 
irregiular  beading  is  not  infrequently  observed  in  tubercle  bacilli  under 
normal  conditions.  Such  pictures  can  not,  in  these  cases,  be  regarded 
an  degeneration  or  involution  forma,  since  they  arc  visible  in  young, 
actively  growing  cultures  under  ordinary  conditions.    It  is  a  well-known 


'  A.  Fischer,  "  Vorlejiungen  (iber  Bakt.,"  Jena,  1903. 
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fact,  furthermore,  that  the  sises  and  contours  of  bacteria  may  vary  to 
some  extent  according  to  the  medium  on  which  they  are  grown.  This 
may,  to  a  degree,  be  due  to  osmotic  relations.  On  fluid  media,  for  in- 
stance,  many  bacteria  may  appear  larger  and  of  a  less  dense  consistency 
than  do  members  of  the  Bsjne  species  cultivated  upon  solid  media. 

I>egen«ratl<ni  Fwmi. — When  bacteria  are  grown  under  conditions 
which  are  not  entirely  favorable  for  their  development,  or  when  tbey 
are  grown  for  a  prolonged  period  upon  artificial  culture  media  without 
transplantation,  there  may  occur  variations  which  often  depart  consider- 
ably from  the  ground  type,  known  as  degeneration  or  involution  forms. 


Pio.  7, — DBaKNKRATioN  FoRVB  OF  BACILLUS  Pbstib.    (After  Zettnow.) 

Thus,  in  the  case  of  the  diphtheria  bacillus,  old  cultures  may  contain 
long,  irregularly  beaded  forms  with  broad  expansions  at  the  ends. 
In  the  case  of  B.  pestis  the  fact  that  large  numbers  of  oval,  vacuolated 
bodies  in  old  cultures  are  formed  regularly  has  become  of  differential 
value.'  These  d^eneration  forms  are  shown  most  characteristically 
when  the  bacteria  arc  cultivated  on  agar  containii^  3  to  5  per  cent  NaCl. 
Among  the  cocci,  marked  evidences  of  involution  are  often  seen  in 
cultures  of  the  meningococcus  in  the  form  of  large,  swollen  pooriy- 
st^ning  spheres,  and  in  the  case  of  the  pncumococcus  in  the  so-called 
shadow  forms  which  have  the  appearance  of  empty  capsules.  There  are 

'  Hankin  and  Leumann,  Cent,  (.  Bakt.,  I,  x%ii,  1897. 


Digitized  by  Google 


MORPHOLOGY,    REPRODUCTION,    ETC.  21 

few  microorganisniB  indeed,  in  which  proloDged  cultivation  on  artificial 
media  or  other  unfavorable  influences  do  not  produce  variations  from 
the  ground  type  which  may  often  make  the  cultures  morphologically 
unrecognizable.  In  the  case  of  many  of  the  spirilla  (spirillum  Milleri, 
spirillum  Metchnikovi,  etc.)  the  degeneration  forms  may  appear  within 
so  short  a  timie  as  two  or  three  days  after  transplantation. 


GHEHXOAL  AHD  PHTSIOAL  PROPERTIES  OF  TSE  BAOTERUL  OBLL 

Qwmical  OonstitaBBts. — The-  quantitative  chemical  com[>ositioii  of 
btKtcria  ia  subject  to  wide  variations,  dependent  upon  the  nutritive 
materials  furnished  them. 

Approximately  80  to  85  per  cent  of  the  bacterial  bo<ty  is  water. 
The  remainder  (^nnyiHte  rhinflv  of  protcids  which  constitute  roughly  from 
50  to  SO  per  cent  of  the  dry  substances.  Remaining,  after  extrac- 
tion of  these,  are  fats,  and  in  some  cases  true  wax  (fatty  acid  conibina- 
tionfl  with  higher  alcohols^,  traces  of  cellulose  (in  some  hach-Ha  ""'y^, 
and  the  ash  whlchmates  up  usually  about  I  to  2  per  cent  of  the  dry 


The  extensive  researches  of  Cramer'  have  shown  how  widely  at  va- 
riance quantitative  analyses  may  be  when  made  of  cultures  of  the  same 
species  of  bacteria  grown  upon  different  media.  Thus  the  dry  sub- 
stances of  the  cholera  vibrio  were  found  to  be  made  up  of  65  per  cent 
of  proteida  when  the  microorganisms  were  grown  upon  nutrient  broth 
as  against  45  per  cent  when  the  same  bacteria  had  been  grown  upon 
the  pro teid-free  medium  of  Usohinsky,  Analyses  made  by  Kappes'  of 
B.  prodigiosus  and  by  Nencki'  and  Schefferof  some  of  the  putrefactive 
bacteria,  may  serve  to  illustrate  the  approximate  proportions  of  the 
lubstances  making  up  the  bacterial  body. 


p^i^u. 

Patn-fail  (vt 

Water   

85. 45  per  cent. 

8.1.42  per  cent. 

Proteida   

lo.as  "    " 

13.96    "       " 

FaU 

0.7     "     " 

1.        "       " 

Ash  

1.75  "      " 

0.78   "      " 

Residue 

1.77  ■'     " 

0.84   "      " 

'  Cramer,  Areh.  t,  Hyg.,  xii,  liii,  xvi,  ixii.  xxviii. 

*  Kappet,  "  Analyse  der  Maaaenkiilturen."  etc.    Disn.,  Leipzig.  1 

*  Ntnda  uad  Scheffer,  Jour.  r.  prakt.  nttinie,  new  ser.  xix,  1880. 
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Analyses  of  the  tubercle  bacillus  by  Ruppel,'  Hammerechlag,'  Weyl,* 
and  others,  have  yielded  the  followifig  approximate  results  (calculated 
from  results  of  above-mentioned  authors). 

TulxTcle  bsriJtiia 

Water   85      to  86      per  cent, 

Proteids    8.5to   9       "      " 

Fat  and  waxes 3.5  to    4        "       " 

Ash  and  carbohydmte^    1.2  to    1.4    "       " 

The  protcids  which  are  contained  in  the  bacterial  dry  suljstancos 
consist  partly  of  nucleoproteids,  globulins,  and  proteids  differing  ma- 
terially from  those  ordinarily  met  with,  Kuppel,  in  an  analysis  of 
the  tubercle  bacillus,  obtained  the  following  values,  for  100  grams  of 
dried  tubercle  bacilli: 

Nucleic  add 8.5  grams. 

(Tiilierculinic  acid) 

Nuclcoprotamin 25.5  " 

Nucleoprot«id 2'-t  " 

AlbuininoidB S.3  " 

(Keratin,  etc.) 

Fat  and  wax 28.5  " 


A  true  globulin  has  been  isolat^^d  from  bacteria  by  Holhnich,*  and 
true  protcids,  coagiilablc  by  heat,  have  been  <lemonstrat<'d  by  Buchnor,* 
in  the  "  Pres.ssaft"  or  juice  obtained  by  subje<ting  bacteria  to  niechanirjd 
pressure.  In  this  connection,  too,  we  shoidd  not  fail  to  consider  th<> 
thermolabile  toxic  substances  contained  in  many  baeteria,  the  endo- 
toxins, which  though  of  imccrtain  chemical  nature,  are  probably  pro- 
teid  in  composition." 

The  fats  which  are  demonstrable  both  by  niicrochemical  metho<Is, 
staining  with  Sudan  III.,  Scharlach  It.,.  Osniic  acid,  and  by  alcohol- 
ether  extraction,  consist  of  fatty  acids,  true  fats,  and,  in  the  case  of  the 
tubercle  bacillus  at  least,  of  waxy  substances,' 


I  Ruppel,  Zeit.  f.  physiol.  Oliemie,  xxvi,  1898. 

*  Hammertehiag,  Zeit.  I.  klin.  Med.,  1891. 
'Weyl.  Deut.  med.  Woch.,  1891. 
'HeUmich,  Arch.  f.  cxper.  Pathol.,  etc,  skvL 
•Biicftncr,  Mtmch.  med.  Woch.,  1897, 

•  Shatturk,  Lancet,  May,  1898. 

'  t>9  Schuieiniiz  and  Dorset,  Cent.  f.  Bakt.,  I,  xi 
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The  carbohydratos  isolated  from  various  bacteria  consist  chiefly  of 
small  quantities  of  cclhilose  and  allied  bodies,  presumably  concerned  in 
the  formation  of  fhc  bacterial  cell  membrane.  The  demonstration  of 
these  Hubstances  has  been  successful  only  in  isolated  cases  and  has  not 
found  universal  confirmation. 

( llyc(>Kcn-like  uulKstam^cs  hai'c  l»een  demonstrated,  according  to 
.\.  KLscluir/  in  li.  subtilis  and  B.  coli,  Thes(!  bacteria  stained  a  nxldish 
brown  color  when  stained  with  io<lin,  and  afl<;r  troutment  with  weak 
at-idK  wore  tthowii  to  contuti  dt^xtixwc'. 

The  bacterial  awh,  rcinaininf;  aft^ir  removal  of  other  substances,  coii- 
ei.stn  larp^ly  of  phoMphates  and  cUloricUw  of  ]K>ta.sHium,  sodium,  cid- 
cium,  uikI  magnesium. 

Osmotic  Properties  of  tJie  BKterial  Cell. — Like  all  other  animal  and 
vc^-tablc  ccIIh,  the  bactorial  cell  fonn.s  in  i*^lf  n  »mHll  fiHmnl.in  m^{i. 
which  n'acts  deiic^ately  to  differences  of  [(nissure  existing  bctwetm  its 
own  protoplasm  and  the  surrounding  mc^dium.  The  pt^rfect  and  normal 
morphology  of  a  microorganism,  therefore,  can  exist  only  wlien  the 
osmotic  pressure  within  the  protoplasm  of  the  cell  is  isotonic  or  etiual 
to  that  of  its  own  environment.  The  changes  produced  in  the  morpho- 
logical relations  of  a  cell  when  transferred  from  one  environment  into 
another  of  varying  osmotic  prcjisure,  tk^peml  intimiitt^ly  ujion  the 
"permcalulity"  of  the  cell  membrane  for  diffen'nt  substances.  When 
such  a  membrane  is  ix;nupable  for  water  and  not  for  substances  Jn  solu- 
tion, it  IS  U'i'hnip!tllvi<iM)l-rn  of  as  "  Bt^iiil-]iiTnn-ii!>lf."  Now  as  a  matttir 
of  fact,  the  bacterial  cell  membrane  is  ejisily  iM'mieable  for  water,  but 
its  permeability  differs  greatly  in  various  sjKtcics  of  bacteria  for  otiier 
sulwtances.  Thus,  for  instance,  the  cholera  vibrio  shows  great  |)erme- 
ability  for  connnoit  Hiilt  and  II.  (lu<m'.siK;n.s  liquefacicns  shows  a  lower 
pcrmcjibility  for  potassium  nitrate  than  do  many  other  bacteria.* 

When  a  microorganism  is  suildenly  removed  from  an  environment 
of  low  osmotic  pressure  into  one  showing  a  high  pressure,  say,  fnmi  a 
dilute  to  a  concentrated  solution  of  NiiCI,  an  abstraction  of  water  from 
the  cell  occurs- with  a  cons<'(iuent  shrinkage  of  the  i)roti>|)la-sm  awu^ 
from  thu  cell  inep>hriinp  This  i)rocess  is  spoken  of  us  "  ijliusniolysis." 
Cell  death  does  not  usually  occur  with  plasmolysis,  but  by  slow  diffusion 
of  the  salt  itself  into  the  protoplasm,  the  equilibrium  may  eventually 
be  restored  and  the  normal  mori>hology  of  the  cell  resumed.    In  all  cases 

■  A.  FixfluT,"  Vortcsimia'n  iil>cr die  Bakl.,"  Jena,  1903. 
*OtMaeldich,  in  FlUggc,  "  Mikroorganisitu^n,"  i,  p.  91. 
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the  epeed  and  completeneas  of  the  return  to  Dortnal  depends  upon  the 
permeability  of  the  cell  membrane  for  the  dissolved  substances.  There 
is  no  evidence  to  support  the  view  that  the  internal  pressure  of  a  cell 
may  be  in  any  way  increased  by  an  inherent  power  of  the  protoplasm 
indepcmdently  of  the  laws  of  diffusion.  As  a  general  rule,  old  cultures 
are  more  Husceptiblc  to  plasmolysis  than  are  young  and  vigorous  strtuns. 
Spores  and,  according  to  A.  Fischer,'  flagclla  are  much  less  susceptible 
to  osmotic  changca  than  are  the  vegetative  bodies. 

When,  on  the  other  hand,  bacteria  arc  suddenly  removed  from  a 
medium  possessing  a  high  osmotic  pressure  to  one  comparatively  low, 
say,  from  a  concentrated  salt  solution  to  distilled  water,  a  bursting  of  the 
cell  may  occur,  a  process  spoken  of  as  "  plasmoptysis,"  Plasmoptysis 
leads  to  cell  death,  and  is  probably  the  cause  of  the  death  of  micro- 
organisms so  often  observed  in  distil Icd-water  emulsions  of  bacteria. 

Othtt  Physical  Properties  of  Bacteria. — ^The  refractive  index  of  the 
vegetative  bacterial  body  is  low,  in  contrast  to  the  highly  refractive 
character  of  the  spores  and  flagella.  According  to  Fischer,  the  ectoplasm 
or  cell  membrane  shows  a  higher  index  than  does  the  endoplasm. 

The  specific  gravity  of  various  microorganisms  has  been  investi- 
gated by  Bolton,'  Rubner,*  and  others.  Some  of  Rubner's  results  are 
the  following: 

Gelatin  fluidiliere Sp,  gr.  1 .0661 

Gas  rormcre "     "   1.0465 

Cultures  from  potato "     "   1 .038 

M.  prodigioBUS "     "    1 .064 


<  A,  Fiteher,  ({noted  from  Gottschlich  in  Ftilgge,  "  Mikroorganismen,"  I,  p.  01. 
>  BoUon,  Zeit.  f.  Hyg.,  i,  1SS6.  •  Rubner,  Ai«h.  L.  Ujg.,  a,  1890. 
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Like  all  protoplasmic  bodies,  bacteria  consist  of  carbon,  oxygen, 
hydrogen,  and  nitrogen,  to  which  arc  added  inorganic  salts  and  varying 
quantities  of  phosphorus  ind  sulphur.  In  order  that  bacteria  may 
develop  and  multiply,  therefore,  they  must  be  supplied  with  these  sub- 
stances in  proper  quantity  and  in  forma  suitable  for  assimilation.  To 
formulate  definite  laws  based  on  chemical  structure  as  to  the  compounds 
suitable,  and  those  unsuitable  for  use  by  the  bacteria,  is  obviously  ini- 
poarahle  owing  to  the  great  metabolic  variations  existing  within  the 
bacterial  kingdom,  and  notable  attempts  to  do  so,  such  as  those  by 
Loew,*  have  not  succesefully  withstood  critical  inquiry. 

Oiibon. — ^Thc  carbon  necessary  for  bacterial  nourishment  or  ana- 
bolism  may  be  obtained  either  directly  from  protoids,  carbohydrates, 
and  fats,  or  from  the  simpler  derivatives  of  these  substances.  Thus,  the 
amido-acids,  leucin  and  tyrosin,  kctons,  and  organic  acids,  like  tartaric, 
citric,  and  acetic  acids,  glycerin,  and  even  some  of  the  alcohols,  may 
furnish  carbon  in  a  form  suitable  for  bacterial  as-similation.  A  limited 
number  of  bacterial  species,  furthermore,  notably  the  nitrobacteria  of 
Winogradsky,  are  capable  of  obtaining  their  required  carbon  from 
atmogpheric  CO,,  and  possibly  from  other  simple  carbon  compounds 
added  to  culture  media.* 

Oxygsn. — Oxygen  is  obtained,  by  the  large  majority  of  bacteria, 
directly  from  the  atmosphere  in  the  form  of  free  O,.  For  many  micro- 
organisms, moreover,  the  presence  of  free  oxygen  is  a  necessary  condi- 
tion for  growth.  These  are  spoken  of  as  the  "Obligatory  aerobes." 
Among  the  pathogenic  bacteria  proper,  many,  like  the  gonococcus, 
bacillus  influenza,  and  bacillus  pestis,  show  a  marked  preference  for  a 
well-oxygenated  environment.     Probably  there  is  no  pathogenic  micro- 

<  Ltmo,  Cent.  f.  Bakt.,  I,  xii,  1892. 
*  MwnU,  Compt.  Tend,  de  I'ocad.  des 
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organism  which,  under  certain  conditions  of  nutrition,  ia  entirely 
umMe  to  exist  and  multiply  in  the  complete  absence  of  this  gas.  The 
conditions  existing  within  the  infected  imimul  organism  cause  it  to 
seem  Hkely  that  all  incitants  of  infection  may,  at  times,  thrive  in  the 
complete  absence  of  free  oxygen. 

There  is  another  class  of  oi^anism-i,  on  the  other  hand,  for  whoso 
^jHOflotfMJ development  the  presence  of  free  ox\E:cn  is  direr'tly  injurious..  These 
microorganisms,  known  as  "  obligatory|anaerolx's,"  obt^n  their  supply 
of  oxygen  indirectly,  by  enzymatic  processes  of  fermentative  and  pro- 
teolytic cleavage,  from  carbohydrates  and  protoiils,  or  by  reduction 
from  reducible  bodies.  Among  the  pathofrcnic  miri'oorganiKins  the  class 
of  "obligatory  anaerobes"  is  n^pn-sented  chiefly  by  Raciilus  letaiii-  the 
bacillus  of  malignant  edema,  the  bacillus  of  avniptomatie  anthrax, 
Uacillus  ai'roppnes  capsulatus,  anil  Bacillus  botulinns. 
\V^__  Intermediate  betweCn  these  two  clii-s^-ies  is  a  large  group  of  bact-cria 

^-X--***  which  thrive  well  both  under  aeii)bic  ami  anaerobic  conditions.  S<inic 
of  these,  which  have  a  preference  for  free  oxyt!;cn  but  nevertheless 
possess  the  power  of  thriving  under  aniu'roltic  con<litions,  are  spoken 
of  as  "facultative  annfrobes."  ,  In  others  the  reverse  of  this  is  tnie; 
these  are  spoken  of  as  "facultative  aerobes."  These  varieties  of 
bacteria  are  by  far  the  most  ninncrous  and  comprise  most  of  our 
parasitic  anrl  saprophytic  bacteria. 

The  relation  of  microorganisms  to  oxygen'is  extremely  subtle,  there- 
fore, ami  not  to  he.  biologically  dismissed  by  a  rigid  elassifieation  into 
aerobes,  facultative  anaf'robes,  and  obligatory  anaerobes.  Tioth  I'-ngel- 
mann,'  by  a  method  of  observing  motile  I»a''t<'ria  in  the  hanging  drop 
as  to  their  behavior  in  relation  to  the  oxygen  given  off  by  a  chlorophjU- 
bearlng  alga,  and  Beijerlnck,'  by  a  macroscopic  metho<l  of  ob.serving 
similar  bacteria  as  to  their  motion  away  from  or  towani  an  oxygenated 
area,  were  able  to  demonstrate  delicately  grailed  variations  between 
species,  favoring  various  degrees  of  oxygen  i>n'ssun'. 

The  discovei'y  by  Pasteur  that  certain  bacteria  develop  only  in  tlie 
absence  of  free  oxygen,  produced  a  revolution  in  our  conceptions  of 
metabolic  processes,  since  up  to  that  time  it  was  believed  that  life  coidd 
be  supported  only  when  a  fiT-e  supply  of  O,  was  obtainable,  Pasteur's 
original  explanation  for  this  phenomenon  was  that  anaimibic  conditions 
of  life  were  always  associated  with  some  form  of  carbohydrate  femicnta- 

I  Enqetmann,  Botanischp  Zpidinp:,  1881. 
1  Beijenitd:,  Cent   f.  Uakt.,  I,  xiv,  lii93. 
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tion  and  that  oxygen  was  obtained  by  these  microorganiBms  by  a  split- 
ling  of  carlwhyd rates.  Aa  a  matter  of  fact,  for  a  lurgo  number  of  micro- 
oi^anisni^,  this  is  actually  true,  and  the  presence  of  readily  fcrmcatablo 
carbohydratea  got  only  incfcasca  the  growth  energy  of  a  ln.r(H>  nnp^hf  r 
of  anaerobic  bacteria,  but  in  many  cases  permits  otherwiae  uurclv 
aerobic  bactena  To  thrive  under  anaerobic  conditions.'  On  the 
other  hand,  the  basis  of  anaerobic  growth  can  not  always  bo  found 
in  the  fermentation  of  carbohydrates  or  in  the  simple  process  of 
reduction. 

The  favorable  influence  of  certain  actively  redxicJng  bodies,  like 
sodium  formate  or  sodium-indigo -sulphate,  upon  anaerobic  cultivation 
is  probably  referable  to  their  ability  to  remove  free  oxygen  from  the 
media  and  thus  perfect  the  anaerobiosis.'  A  number  of  strictly  anae- 
robic bacteria,  however,  may  develop  in  the  entire  absence  of  earboFiy- 
dmtes  or  reducing  substances,  obtaining  their  oxygen  supply  from  other 
suitable  sources,  some  of  which  may  be  the  complex  proteids.  Thus 
the  tetanus  bacillus  may'  thrive  when  the  nutritive  substances  in  tlie 
media  are  entirely  protei<l  in  nature.     (See  p.  28.) 

Aa  Hesse*  lias  shown. the  respiratory  processes  of  aerobic  baet<'ria 
ronsiat  in  the  taking  in  of  oxygen  and  the  excretion  of  CO,.-  The  CO^ 
excretion  has  been  shown,  in  these  cases,  to  be  markedly  less  than  is 
represented  in  the  intake  of  oxygen. 

-\naerobes,  likewise,  show  an  excretion  of  CO^  which  must,  in  these 
ca-ses,  be  a  result  of  bacterial  katahoHsm. 

Certain  bacteria,  like  the  red  sulphur  bacteria,  have  the  power  of 
utilizing  atnioapheric  oxygen  in  the  aame  way  in  which  this  pro(^ess 
takes  plac(^  in  the  chlorophyll-lwaring  plants. 

ANTiile  a  profuse  supply  of  oxygon  absolutely  inhibits  the  growth  of 
most  anaerolx's,  a  number  of  these  may,  nevertheless,  develop  when  only 
small  quantities  of  oxygen  arc  present.  Minute  quantities  of  free  oxy- 
gen in  culture  media  have  bi'en  shown  by  Beijerinck'  and  others  not  to 
iuliibit  the  growth  of  Bacillus  t^itani  and  Theobald  Smith '  has  recently 
demonstrated  that  when  suitable  nutritive  material  in  the  form  of  fniah 
liver  tiusue  is  adde<I  to  bouillon,  a  nundwr  <if  anaerobic  bacteria  may  Ik; 

>  TheoinjM  f!mitk.  Cent.  f.  Hukt.,  I,  xviii,  1895. 

>  A'ibuafo  and  Weyl,  Knit.  f.  Hyg.,  viii,  1890, 
»  Chiuhakow,  Ceat.  (.  Bakt.,  lU-f.,  II,  iv,  189& 
•  Hesse,  Zcit.  f.  Hyg.,  xv,  1897. 
»Bei>rincfc,C«nt.  f.  Bakt,,  If,  vi,    1900. 

'  Th.  Smith,  Brmm.  and  Walker,  Jour.  Med.  Res.,  U,  1906. 
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induced  to  grow  in  indifferently  anaerobic  environment.  Ferran, ' 
succeeded  in  adapting  the  tetanus  bacillus  to  an  aerobic  eavironment. 
In  this  case,  however,  the  virulence  of  the  bacillus  was  lost. 

I!tttrt>|pn-^ — The  nitrogen  required  by  bacteria  is  taken,  in  most  cases, 
from  proteins,  and  many  of  the  non-diffusible  albumins  may  be  rendered 
assimilable  by  the  proteolyzing  enzymes  possessed  by  microorganisms. 
Among  the  pathogenic,  more  strictly  parasitic  bacteria,  moreover,  a 
delicate  specialization  may  be  observed  as  to  the  particular  varieties  of 
animal  albumin  which  may  be  utilise  by  them.  Thus  the  gonococcus 
ffmws  morfl  ^-gftHily  only  upon  uncoairulated  himian  blood  serum;  the 
Pfeiffer  bacillua  requires  hemoglobin,  and  the  diphtheria  bacillus  out- 
grows other  bacteria  upon  a  medium  composed  for  the  greater  part  of 
coagulated  beef  serum,  j  li^or  bacteria  that  do  not  require  native  animal 
protein  for  their  development,  the  m<»t-common  nitrogenous  ingredient 
of  culture  media  is  pepton. 

Many  bacteria  [pathogenic  and  saprophytic),  on  the  other  hand, 
may  thrive  on  media  containing  absolutely  no  protein,  in  which  case, 
of  course,  a  synthesis  of  protein  must  be  assumed.  A  medium  used  to 
demonstrate  this,  devised  by  Uschinski,*  contfuns  ammomum  lactate, 
glycerin,  asparagin  (the  amide  of  amido-sucdnic  atnd),  and  inoi^anic 
salts. 

Creatin.  creatinin,  urea  and  urates,  and  even  ammonia  compoimda 
and  nitrates,  may  serve  as  sources  of  nitrogen  for  many  of  the  leas 
parasitic  bacteria.  A  limited  number  of  species,  moreover,  the  bacilli 
in  the  root  tubercles  of  the  leguminosae  and  the  nitrogen-fixing  organ- 
isms of  the  soil,  can  obtam  their  nitr(«en  directly  from  the  free  N*  of 
the  atmosphere. 

Although  the" sources  of  carbonaceous  and  of  nitrogenous  food  haire 
been  separately  discussed,  it  should  not  be  forgotten  that,  in  many 
instances,  both  elements  are  taken  up  within  the  same  compound,  and 
that  separate  supplies  are  a  necessity  in  isolated  cases  only. 

Hydrogen. — Hydrogen  is  obtained  by  bacteria  largely  in  combina- 
tion  aa  ^♦^r  ^"'^  together  with  the  carbon  and  nitrt^n  containing 
substances. 

Salti. — The  phosphatic  constituents  of  the  bacterial  body  are  taken 
in,  chiefly,  as  physphates  of  magnpHium,  fAlcium.  sodium,  or  potassimn. 
The  phosphates  seem  to  be  necessary  constituents  of  culture  media, 
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while  chlorides,  od  the  other  hand,  according  to  Proskauer  '  and  Beck 
are  not  absolutely  essential.  Sodium  BaltB._aB  a  rule,  seem  to  be  more 
advantageous  for  purposes  of  bacterial  cultivation  than  potassium  salts. 

The  uncombined  sulphur,  which  is  often  a  constituent  of  bacteria, 
is  usually  supplied  by  soluble  sulphates.     In  the  case  of  the  thiobacteria    • 
of  Wuu^radsky,  however,  free  H^  is  necessary  for  its  formation.* 

The  iron  contained  in  some  higher  bacteria  is  taken  in  as  ferrous 
compounds,  and  is  oxidized  in  the  bacterial  into  ferric  compounds. 

The  relative  quantities  of  various  nutrients  in  culture  media  are 
important  in  so  far  as  too  high  concentrations  may  inhibit  growth.  In 
this  respect,  however,  separate  species  vary. 

The  development  of  bacteria  is  far  oftener  arrested  by  the  accuroular  U 
tion  of  waste  products  than  bv  an  exhaustion  of  nutrient  materit^s.  \\ 

PAKA8ITI8H  AND  8APBOPH7TI8H 

When  we  speak  of  bacteria  as  parasites  or  as  saprophytes,  we  classify 
them,  primarily,  ^cording  to  their  relationship  to  the  bodies  of  higher  n  y 

animiAls.  "Parasites"  are  those  bacteria  which  are  capable  Cff  livinp  »a/v*A***^ 
and  multiplying  within  the  human  or  animal  bodv.  whereas  the  term 
'* saprophytes"  refers  to  the  multitude  of  microorfffttiiflms  which  are  J'*^''^''^" 
imabie  to  hold  their  own  under  the  environmegtal  conditions  found  in 
the  tissues  of  higher  animals,  but  are  found,  ahnost  ubiquitously,  in  ait. 
soil,  manure,  and  water.  The  separation  is  by  no  means  a  sharp  one 
and  carries  with  it  other  implications,  whicli  the  use  of  these  terms  always 
conveys.  While  parasites  axe  usually  very  fastidious  as  to  nutritional 
and  temperature  requirements,  most  saprophytes  are  easily  cultivated 
upon  the  simplest  media.  Thus  certain  parasitic  bacteria,  such  as  the 
bacillus  of  influenza,  the  gonococcus,  and  others,  are  dependent  upon 
specific  forms  of  animal  proteids  for  their  food  supply,  while  typical 
safXTiphytes,  like  Bacillus  proteus,  may  thrive  and  multiply  upon  even 
^le  simplest  organic  proteid  derivatives.  *  ; 

Between  the  strict  parasites  and  the  saprophytes,  there  is  a  large  tO-'^      ■, 
class  of  bacteria,  to  which  thj  majority  of  pathogenic  varieties  belong,  the  P  •^^■^'' 
members  of  which  are  capable  of  developing  luxuriantly  under  both  con- 
ditions.   These  bacteria  are  often  spoken  of  as  facultative  parasites. 

More  recently  the  question  of  parasitism  and  saprophytism  has 

<  Protkaiur  and  Beek,  ZeJt.  f .  Hyg.,  xviii,  lSft5. 
>  Vogt»,  Ceat.  f.  Bakt.,  I,  xviii,  1893, 
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•  become  closely  interwoven  with  our  conceptions  of  virulence.     Efeul 

''^"^     1-  (see  section  on  Aggrcssins)  has  classified  parasites  into  atyiiit  naryi|.es 

k       "*         and  half  parasites.     By  the  first  term  he  designates  bacteria  like  Bacillus 

anthracis,  which  actually  invade  all  the  tissues  of  their  host,  while^  by 

i^li    ■.      the  term  "half  paraaitea,"  he  refers  to  micnxiTYi^isms  like  the  spirilum 

j^i>'M/i  of  cholera  which  gain  a  foothold  upon  some  part  of  the  body  of  the  host, 

but  do  not  actually  penetrate  into  the  general  circulation. 

r        All  pathogenic  bacteria,  therefore,  must  be  grouped  as  parasites, 

\   strict  or  facultative,  while  the  saprophytes,  as  a  class,  perform  the  far 

I  more  thankful  task  of  breaking  up  organic  matter  outside  of  the  animal 

I  body,  by  putrefaction  and  fermentation.     Absolute  separation  between 

I  the  two  cUussca,  however,  can  not  be  maintained,  since  many  ordinarily 

I  saprophytic  bacteria  may  display  para.sitic  qualities  if  administerwl  in 

I   lai^e  numbers  to  animals  or  man  in  whom  resistance  to  bacterial  invasion 

lis  at  a  low  ebb. 

ANTAGONISM  AND  SYMBIOSIS  OF  BACTXRIA 

The  ubiquity  of  bacteria  in  nature  of  course  implies  the  simul- 
taneous presence  of  many  species  in  all  places  where  special  conditions 
have  provided  a  favorable  environment  for  growth.  Tims  bacteriologi- 
cal investigation  of  water,  milk,  manure,  soil,  or  oi^anic  infusions,  always 
reveals  the  presence  of  a  large  niunber  of  different  varieties  within  the 
same  substance.  If  the  foot!  supply  in  such  a  natural  culture  is  at  all- 
limited  in  quantity,  or  the  removal  of  waste  pro<iucts  is  prohibited,  it 
will  usually  be  found  that  gradually  the  numlwrs  of  varietur  will  dimin- 
ish and  a  few  species,  or  even  only  one,  will  prevail.  In  the  case  of  milk, 
for  instance,  after  standing  for  three  or  four  ihiya  at  a  suitable  temper- 
ature, two  or  thn-e  varieties  will  be  foiinil  to  have  taken  the  place  of 
the  twenty  or  thirty,  which  may  have  l)een  present  originally. 

This  behavior  is  due  to  the  influence  which  various  microorganisms 
exert  upon  each  other  and  is  known  as  antagonism.  Such  ant(^^>nisin 
probably  depends  upon  the  fact  that  tho  metabolic  products  of  the  pre- 
dominant species  (the  one  or  ones  for  A'lioiil  the  spfcciai  cultural  condi- 
tions are  most  favorable)  inhibit  the  gr«vth  jf  tiie  lees  vigorous  varieties. 
Many  examples,  experimentally  supported,  of  such  ant:^omsm,  can  l>e 
given.  Thus,  the  gonocroccus  is  distinctly  inhibited  by  the  soluble  pro- 
ducts of  Bacillus  pyoeyaneus, '  while  in  the  presence  of  pyogenic  cocci  it 


'  Schafer,  Fortschr.  d.  Med.,  5,  1896. 
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develops  luxuriantly,  and  the  bacillus  of  plaguf  is  completely  inhibited 
when  streptococci  an?  present  in  the  culture. ' 

Mutual  inhibition  in.ay  also  bo  due  to  the  monopolizimr " f  ^\\(f  7i"tr'- 
tioD  la  the  medium  by  the  prejominatit^;  species  or  to  the  change  in  re- 
action produced  by  its  growth.]  This  last  consideration  b  probably  the 
secret  of  the  inhibitory  effect  exerted  by  acid-producers  upon  bacteria  of 
putrefaction,  and  has  received  practical  therapeutic  application  in 
Metchnikoff's  lactic-acid  bacillus  therapy,  which  see.  '"v*-'*  ■'•' 

When  simultaneous  presence  of  two  species  in  the  same  enyironmeitt,  " 
favors  the  development  of  both^  the  condition  is  spoken  of  as  symbiosis. 
Such  dependence  is  not  so  frequent  as  antagonism,  but  it  does  occur. 
Examples  of  such  a  condition  have  been  observed  in  cultures  containing 
diphtheria  bacilli  and  streptococci "  and  have  been  frequently  observf^ 
in  cultures  containing  both  aerobic  and  anaerobic  bacteria,  where  the 
former  favor  the  development  of  the  latter  by  monopolizing  the  supply 
of  free  oxygen.  Symbiosli  may  also  take  place  in  cultures  in  which  com- 
plex food  products  an;  split  up  by  one  species,  furnishing  sulistanccs  for 
ingestion  by  species  with  a  leaser  digestive  ability. 

RELATIONS  OV  BACTSRIA  TO  PH78ICAI.  ENVtROHHENT 

Relation  of  Temperature.— Like  all  other  living  beii^,  bactezia ' 
develop  and  multiply  by  virtue  of  a.  series  of  chemical  and  physical 
processes,  by  means  of  which  growth  energy  is  obtained  by  destruction 
or  catabolism,  and  the  lost  tissues  reaupplied  by  absorption  of  nutritive 
materials.  It  Is  natural,  therefore,  that  the  conditions  of  external 
temperature  should  intimately  affect  the  metabolic  processes.  The 
range  of  temperature  at  which  bacteria  may  grow  is  subject  to  wide 
variations  among  different  species.  Each  species,  on  (he  other  hand, 
may  thrive  within  a  more  or  less  elastic  raURc  of  temperature,  each  one 
having  an  optimum^  a  minimum,  and  a  <lefinite  maximum  tpmnpra- 
turc.  When  the  optimum  temperature  is  present  in  the  environment, 
the  functions  of  absorption  and  excretion  keep  pace  with  each  other,  and 
the  chemical  balance  is  well  preserved.  When  the  temperature  is  lower 
than  the  optimum,  all  metabolic  processes  take  place  more  slowly,  and 
the  bacterium  gradually  enters  into  a  resting  or  latent  stage,  at  which  ac- 
tual growth  may  be  exceedingly  slow  or  entirely  inhibited.  When  the 
temperature  is  higher  than  the  optimum,  the  destructive  processes  are 

'  BilliT,  Rep.  Ecpt  PUipie  Com.,  Ciiiro,  1897, 
»  Uiibert,  Zeit.  f.  Hyg.,  xxix,  1895. 
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carried  onmore  rtq>i(lly  than  the  substitution  of  waste  products  by  ab- 
sorptioD,  and  a  gradual  tfeakening  of  vital  energy,  or  even  a  gradual 
death  of  the  bacterium,  may  take  place.  When  certain  bacteria  form 
8pcH«s,  they  become  very  much  more  resistant  against  both  high  and 
low  temperatures,  probably  because  a  true  resting  stage  has  been 
reached,  during  which  metabolism  has  been  reduced  to  a  minimum, 
there  being  practicaJIy  no  nutritive  material  taken  in  and  correspondii^- 
ly  little  destruction  taking  place  within  the  body  of  the  microorganism. 
Tt^p  Antimnfn  temperature  for  various  bacteria  depends  upon  the 
habitual  environment,  in  which  the  particular  species  is  accustomed  to 
.     i         exist.    Thus,  for  the  large  majority  of  bacteria  pathogenic  for  human 

riJ^t    beings,  the  optimym  temperature  is  at  or  about  37.5°  C.    There  are 

a  lai^  number  of  bacteria  common  in  water,  however,  which  grow 

hardly  at  all  at  the  body  temperature,  but  thrive  mont  luxuriantly  at 

^^  r         temperatures  of  about  20°  C F.  Forster, '  moreover,  described  certain 

T  "*!}.  phosphorescent  bacteria,  isolated  from  sea-water,  which  grow  readily  at 
0°  C,  or  a  little  above.  On  the  other  hand,  Miquel  *  has  described  non- 
motile  bacilli,  which  he  isolated  from  the  water  of  the  Seine,  which  grew 
rapidly  at  temperatures  ranging  about  70°  C,  and  the  so-called  "muce- 
din^es  thermophiles, "  described  by  Tsiklinski,*  develop  most  readily  at 
temperatures  very  little  above  this.  It  is  thus  plain  that  the  tempera- 
tures favored  by  various  bacteria  depend  to  a  large  extent  upon  an 
adaption  of  these  bacteria  through  many  generations  to  specific  en- 
vironmental conditions.  A  good  illustration  of  this  is  furnished  by  the 
bacillus  of  avian  tuberculosis,  a  microoi^anism  dilTering  essentially 
from  the  bacillus  of  human  tuberculosis  in  that  its  optimum  growth 
temperature  lies  at  41*-42°  C,  a  temperature  which  exceeds  the  oi>- 
ttmum  temperature  for  the  human  type  by  as  much  as  the  normal  tem- 
perature of  birds  exceeds  that  of  man.  The  same  principle  is  illustrate<l 
by  the  facts  that  the  bacteria  which  have  a  very  low  optimiun  tem- 
perature are  usually  those  isolated  from  water,  and  the  so-called  ther- 
mophile  or  high-temperature  bacteria  are  obtained  from  hot  sprinf^  and 
from  the  upper  layers  of  the  soil,  where,  according  to  Globig,*  occasion- 
ally temperatures  ranging  from  about  55°  C.  occur. 

As  stated  before,  one  and  the  same  species  may  develop  within  a 


•  F.  Foraler,  Cent.  t.  Bakt.,  u,  1887. 

'  Miqiid,  Bull,  de  la  Stat.  Munic.  de  Paris,  1879. 

•  TiMinM,  Ann.  Past.,  1889. 
*6Iobv.  Zeit.  f.  Hyg.,  iU. 
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wide  tpinpcraturc  range,  and  it  may  be  poasible,  by  peraistent  cultiva- 
tiun  at  epcciiil  temperatures,  to  adapt  certain  bacteria  to  grow  luxu- 
riajitly  at  tempcraturea  removed  by  gAvcii^l  Afpref^  {mm  ^heJr  norgiftl 
optimum.  In  s\if^  ^fises  it  nm-v  ftf|j^n  occur  that  speciaJ  liharanteriatinH 
of  the  given  species  may  be  lost.  An  example  of  this  b  the  loss  of  viru- 
lence and  of  spore-formation  which  takes  place  when  anthrax  hanilli 
are  cultivated  at  42°  C.  or  the  loss  of  the  power  to  produce  pigment 
when  bacillus  prodigiosus  b  grown  at  temperatures  above  30°  C 

The  vegetative  forms  of  most  of  the  pathogemc  bacteria  may  grow 
at  temperatures  ranging  between  20°  C.  and  40°  C.  Thb  can,  however, 
by  no  means  be  regarded  as  applicable  to  all  of  the  pathogenic  bacteria, 
as  some  of  these,  like  the  gonococcus,  the  pneumococcus,  the  tubercle 
bacillus,  and  others,  arc  delicately  susceptible  to  temperature  changes 
and  have  the  power  of  growing  only  within  limits  varying  btit  a  few 
degrees  from  their  optimum.  Others,  on  the  other  hand,  like  bacilli  of 
the  colon  group,  Bacillus  anthracis,  Spirillum  cholers  asiatlcs,  etc., 
may  develop  at  temperatures  as  low  as  10°  C.  and  as  high  as  40°  C,  or 
over.  The  range  of  temperature  at  which  saprophytic  bacteria  may 
develop  is  usually  a  far  wider  one.  When  temperatures  exceed  in  any 
conquerable  degree  the  maximum  growth  temperature,  the  vegetative 
forms  of  bacteria  perish.  Thus,  ten  minutes'  exposure  to  a  temperature 
of  between  55°  and  60°  C.  causes  death  of  the  vegetative  forms  of  most 
microoiganisms'.  Death  in  such  cases  b  due  probably  to  a  coagulation 
of  the  protoplaran,  and  since  all  such  processes  of  coagulation  take  place 
best  in  the  presence  of  water,  the  thermal  death  point  of  most  bacteria 
is  lower  when  heat  b  applied  in  the  form  of  boiling  water  or  steam, 
than  when  employed  as  dry  heat.     (See  section  on  Sterilization.) 

When  Rnnrcs  are  pp^"^-  '"  "■'t'"™!  thf  rPn'"*""™  *"  ^"o*  jp  ^f"'- 
roously  increased.  Exactly  what  the  explanation  of  thb  b  can  not  be  at 
present  stated.  It  may  be  that  the  high  concentration  in  which  the 
protoplasmic  mass  b  found  in  the  spores  renders  it  less  easily  coagulable 
than  is  the  protoplasm  of  the  vegetative  body.  A  more  detailed  discus- 
sion of  these  relations  will  be  found  in  the  section  on  Heat  sterilization. 

The  thermal  death  points  of  many  bacteria  have  been  carefully 
studied  by  Sternberg,'  by  a  technique  described  elsewhere, 

llie  thermal  death  points  ascertuned  by  him  in  this  way,  with  an 
exposure  of  ten  minutes  in  a  fluid  medium,  for  some  of  the  more  common 
non-CEporogenic  bacteria  are  as  follows: 

■  SUnban,  "Textbook  of  B&cteriok^,"  New  York,  1901. 


34  BIOLOGY  AND  TECHNIQUE 

Spirillum  choleric  aaiaticas 52°  C. 

Diploco«cufi  pneumonia; 52°  C. 

Streptococcus  pyo)^ncs ." 54°  C, 

Bacillus  typhosus .• 56°  C. 

Bacillus  pyoeyaneiis 56°  C. 

BaciUuH  mucosus  cttpsulatus 56°  C. 

Bacillus  prodigiosus 58°  C. 

Staphylococcus  pyogenes  aureus 58°  C. 

Gonococcus 60°  C. 

Staphylococcus  pyogenes  albus 62°  C. 

Tlie  bacillus  tuberculosis,  tliough  not  a.  spore  boarer,  seems  to  be  slightly 
more  resistant  to  heat  than  other  purely  vegetative  microorganisms. 
Thus,  according  to  Smitli '  and  others,  ten  iind  twenty  minutes'  ex- 
posure to  a  temperature  of  70°  ('.  is  necessary  to  destroy  tubercle  bacilli 
in  a  fluid  medium.  For  the  elTrctual  destruution  of  spores  by  moist 
heat,  a  t^'inpcrature  of  100°  ('.,  or  Iwiling  point,  is  usually  neci'ssary. 

Low  teniptTatures  are  much  less  destructive  than  the  high  ones,  and 
are  even  in  a  number  of  cases  useful  in  keeping  bacteria'  alive  for  long 
periods,  inasmuch  as  metabolic  processes  are  inhibited  and  life  is  main- 
tained without  actual  development  in  a  sort  of  resting  state,  ^ctunl 
destruction  by  low  temperatures  rarely  takes  place.  The  exposure  of 
diphtheria,  typhoid,  and  other  bacilli  to  tr^mperaf  ures  as  low  as  200°  C. 
below  zero  has  been  carried  out  without  destruction  of  the  microorgan- 
isms, a  fact  which  is  of  great  importance  in  consider-ng  the  possibility 
of  infection  by  the  vehicle  of  ice.  Meningococci  and  gonococci,  on  the 
other  hand,  die  out  rapidly  when  exposed  to  0°  C, 

Relation  to  Pressure.— High  pressure  does  not  injure  bat^teria. 
Certes  *  found  that  a  pressure  of  two  atmospheres  had  no  influence 
upon  the  growth  of  anthrax  l>acilli  suspended  in  blootl. 

Relation  to  Moisture. — For  the  growth  and  development  of  all  bac- 
teria, the  presence  of  water  is  necessary.  Nutritive  materials  can  not 
be  absorlHtl  by  an  osmotic  process  unless  in  a  state|of  kolution^  While 
complete  dryness  does  not  permit  growth,  if.s  tUstructive  action  upon 
various  bai^feria  is  subject  to  great  differences.  The  effect  of  complete 
dryii^  upon  bacteria  will !«;  found  more  fully  discussed  on  page  62.  In 
the  same  place  may  tx;  found  a  discussion  of  the  effects  of  light,  elec- 
tricity, a^-ray,  and  radium  rays  upon  bacteria. 


'  Th.  Smith,  Jour,  of  Kxpcrimental  Med.,  No.  3,  IS 
'  Cerles,  Compt.  rcDd.  de  I'acad.  d.  ac,  99,  Paris,  li 
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THE    CLASSmCATION   Or   BACTERIA 

Too  simple  in  structure,  too  varied  in  biult^ical  properties  to  be 
definitely  identified  with  either  the  v<^ctal)lp  or  itninial  kingdom,  the 
bapt^'ria  are  pLice<l  at  the  iKittom  of  tht;  scale  of  all  living  Iw-ings.  Closely 
linked  on  the  one  hand  to  the  plant  kingdom  by  the  yeasts  and  the 
molds,  and  on  the  other  to  the  animal  kii^dom  by  ths  protozoa,  they 
themselves  combine,  within  one  and  the  same  division,  attributes  so 
widely  divergent  as  to  structure,  metabolism,  and  biole^ical  activity  that 
their  grouping  is  more  a  matter  of  working  convenience  than  of  actual 
scientific  classification.  Thus,  for  instance,  all  stages  of  metabolic  ac- 
tivity fill  in  the  gap  between  the  synthetizing  sulphur  and  nitrifying 
bacteria  and  the  purely  katalx)lic  activities  of  some  of  the  aerobic  and 
anaerobic  microorganisms  which  cause  putrefaction.  Growth  takes 
place  within  the  limits  of  a  wide  temperature  range,  and  the  spe<iific 
modes  ot  life  and  cultural  conditions  are  subject  to  the  widest  varia- 
tions, from  those  of  an  in<lisputably  useful  saprophyti«m  to  those  of  the 
most  exqxiisite  parasitism.  Although,  therefore,  strictly  speaking,  the 
bacteria  can  be  classified  as  a  whole  neither  in  the  animal  nor  in  the 
vt^tahle  realms, .  beii^  nonchlorophyll-bearing,  they  are  for  conve- 
nience classified  with  the  fungi  or  colorless  plants. 

The  relationship  of  the  bacteria  to  other  simple  plants  may  be 
graphically  represented  l>y  the  following  scheme: 

Cbtptooamia. 

I 


! 

I \ 1 

SCHIZOMYCBTES  Bl,A!*T<lMVrBTBH  I[VPH<1MVCBTBS 

(Bacteria).  (Y  casta).  (Moulds — Oidia). 


Copcacea.  Chlamyilobactcria. 

BacteriacetB,  (HiRher  bacteria.) 

SpiriUaccx.  Htreptothrix. 

Claciothrix. 
Jjcptothrix. 
Act  inomyraH. 

The  special  classification  of  the  l)acteria  has  offered  still  greater 
difficulties,  for  the  lower  we  procee<l  in  the  phylogenetic  scale  of  livii^; 
beings,  the  less  specialized  the  morphological  and  liioli^cal  charac- 
teristics of  any  group  become,  and  the  more  difficult  it  is  to  establish  a 
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clasaification  which  can  in  any  yra-y  be  regarded  as  final.  It  ia,  there- 
fore, quite  impo6«ble  to  clasMfy  the  bacterial  varieties  or  species  on  any 
basis  which  can  hope  to  satisfy  all  the  demands  of  scientific  accuracy 
and  it  is  necessary  to  resort  to  the  expedient  of  utilizing  some  one 
characteristic  which  remains  constant  for  the  individual  genus  and  to 
base  upon  this  an  attempt  at  grouping.  When  bacteria  were  first  dis- 
covered, and  for  many  years  following,  numerous  observers  contended 
that  the  form  of  the  microorganism  observed  was  not  a  constant  one 
for  each  genus,  but  ttiat  cocci  could  be  converted  into  bacilU  or  spirilla 
according  to  environmental  conditions.  It  was  Cohn^  who,  in  1872, 
first  rect^nized  the  constancy  of  the  morphology  of  bacteria  and  es- 
tablished, upon  morpholt^cal  basis,  a  classification  which,  with  minor 
changes,  has  been  retwned  until  the  present  day.  Such  classifications 
can  not,  however,  be  regarded  as  anything  more  than  a  convenient 
make-shift  pending  the  day  when  the  finer  structure  and  true  biological 
relations  of  the  various  bacteria  shall  have  been  more  accurately  inves- 
tigated. The  scheme  most  commonly  accepted  at  present  is  the  one 
given  below,  proposed  by  Migula*: 


*  (Schizomycetea). — flsuonfun^  (chlorophyll  free),  cell  division  in  one, 
two,  or  three  directions  of  space.  Many  varieties  possess  power  of  form- 
ing endoepores.  Whenever  motility  is  present,  it  is  due  to  flageU&,  or, 
more  rarely,  to  undulating  membranes. 
Fahilt  I,  CocCACEA. — Cells  in  free  state  spherical.  Division  in  one,  two, 
or  three  directions  of  space,  by  which  each  cell  divides  into  two,  four,  or 
eight  s^^ents,  each  of  which  again  develops  into  a  sphere.  Endospore 
fonnatJon  rare. 

Gema  I.  Streptococcus. — Cells  divide  in  oiie  direction  of  space  only,  for 
which  reason,  if  they  remain  connected  after  fission,  bead-like  chtuns  may 
be  formed.    No  organs  of  locomotion. 

Genus  II.  Micrococcus  (Staphylococcus). — Cells  divide  in  two  directions 
of  space,  whereby,  after  fission,  tetrad  and  grape-like  clusters  may  be 
formed.    No  organs  of  locomotion. 

Gemts  III.  Sarcina. — Cella  divide  in  three  directiona  of  space,  whereby, 
after  fisaion,  bale-like  packets  are  formed.     No  or^ns  of  locomotion. 

Germs  IV.  Planococcua. — Cells  divide  in  two  directions  of  space,  as  in 
micrococcus,  but  poaseas  flagella. 

'Cohn,  "Beitrftge  but  Biol.  d.  Pflanseii,"  Heft  1  u.  2,  1872. 
>  Miffuia,  "System  d.  Bakt.,"  Jena,  1897. 
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OenuB  V.  Ptanomrcina. — Cells  divide  in  three  directions  of  space  ae  in 
aarcina,  but  possess  flagella. 

FaiulT  II.  Bactebiacb*:.— Ceils  long  or  short,  cylindrical,  straight,  never 
spiral.  Division  in  one  direction  of  space  only,  after  preliminary  elonga- 
tion of  the  rods. 

Genus  I.  Bacterium. — Cells  without  flagella,  often  with  endoepores. 

Genus  II.  BaciUxtt. — Cells  with  peritrichal  flagella,  often  with  endoepores. 

Genus  III.  Psewionttmas. — Cells  with  polar  flagella.  findosporea  occur 
in  a  few  species,  but  are  rare. 

Family  III.  Spirillace^. — Cells  spirally  curved  or  representing  a  part  of  a 
spiral  curve.  Diviaon  in  one  direction  of  space  only,  after  preceding 
elongation  of  ceU. 

Genus  /.  Spirotoma. — Cells  without  organs  of  locomotion.     Rigid. 

Genvs  II.  Microspira. — Cells  ripd,  with  one  or,  more  rarely,  two  or  three 
polar  undulated  flageLa. 

Genua  III.  Spirillum. — Cells  rigid,  with  polar  tufts  of  five  to  twenty 
flagella  usually  curved  in  semicircular  or  flatly  undulating  curves. 

Genus  IV.  Spirochaie. — Cells  sinously  flexible.  Oi^ans  of  locomotion  un- 
known, perhaps  a  miu^n^  undulating  membrane. 

t'AiULV  IV.  CaLAH¥DGBAcTERiAcE.B. — Forms  of  varying  stages  of  evolution, 
all  possessing  a  rigid  aheath  (Hiille),  which  surrounds  the  cells.  Cells 
united  in  branched  or  unbranched  threads. 

Genus  I.  £frep(o(Arix.-r-CelIs  unit«d  in  simple,  unbranched  threads.  IMvi- 
rion  in  one  direction  of  space  only.  Reproduction  by  non-motile 
conidia. 

Genu»  II.  Cladotkrix. — Cells  united  or  peeudodichotomously  branching 
threads.  Division  in  one  direction  of  space  only.  Vegetative  multipli- 
cation by  separation  of  entire  branches.  Reproduction  by  swarming 
forms  with  polar  flagella. 

Genus  III.  Crenolhrix. — Cells  united  in  unbranched  threads,  at  first  with 
division  in  one  direction  of  space  only.  Later  the  cells  divide  in  all  tiiree 
directions  of  space.  The  daughter  cells  become  rounded  and  develop 
into  reproductive  cells. 

Genus  IV.  Phragmidiothrix. — Cells  at  first  united  in  unbranched  threads, 
dividing  in  three  directions  of  space,  thus  forming  a  rope  of  cells.  Later 
some  of  tbe  cells  may  penetrate  through  sheath,  and  thus  ^ve  rise  to 
branches. 
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Genus  V.  Thiotkrix. — Unbranched,  non-motilo  threads,  inclosed  in  fine 
Ehcaths.    Division  of  cells  in  one  direction  only.    Cells  contain  suli^ur 

granules. 

Family  V.  6eggiatoack;g. — Cells  united  in  shciitlitesa  threads.     Divisibn 
in  one  direction  of  space  only.     Motility  by  undulnting  membrane  as  in 
Oseillaria. 
Genus  Beggialoa.—CQ\\s  with  i^ulphur  granules. 

It  will  be  seen  in  revicwinp;  the  flaswifieation  jiist  Riven  that  the  sub- 
divisions are  liased  upon  (tuestions  of  form,  motility,  and  situation  of 
flagella.  While  these  charaet^-ristics,  ho  far  as  we  know,  are  constant, 
there  arc,  nevertheless,  many  instances  in  which  types  entirely  similar 
in  these  respects  must  be  tliffercntiatcii.  This  can  l>e  done  only  by  care- 
ful study  of  staining  reactions,  finer  structure,  cultural  characteristics, 
and  biological  activities. 

As  a  matter  of  fact,  while  the  lx>tanieal  classification  of  the  bacteria 
offers  great  difficulties,  identification  la  not  so  complicatetl  a  task  as  thi.s 
would  indicate.  Identification,  once  roughly  made  on  a  morphological 
basis,  is  further  carried  on  by  the  aid  of  tmltural  characteristics,  by  bio- 
clunnical  reactions  and  by  patliogenic  properties.  The  bacteria  occupy 
so  important  a  place  in  agrii^ulture,  in  medicine,  and  in  hygiene,  that  it 
rarely  l>ccome8  necessary  for  a  worker  in  any  particular  field  to  survey 
the  entire  group.  The  habitat  of  a  lai^e  number  of  species  is  so  well 
known  that  this  consideration  alone  often  gives  a  clew  to  actual  identi- 
fication. 

Bacteri&l  Mutation. — The  earlier  views  of  bacteriolt^sts  concerning 
mutation  differed  greatly,  Naegeli  holding  that  extensive  mutation  was 
probably  the  rule;  Colin,  on  the  other  hand,  holding  strictly  to  the 
constancy  of  form  and  species.  The  accumulated  experience  of  many 
bacteriologists  during  the  years  since  then  seems  to  point  almost  entirely 
in  the  direction  indicated  by  Cohn,  and,  in  fact,  most  of  our  methods  of 
classification  are  based  upon  the  assumption  of  such  eonstaney. 

Form  alone,  of  course,  cannot  l>c  relied  upon  for  classification  among 
oi^nisms  so  simply  constructe<I  that  the  possibilities  of  variation  in 
form  are  very  limited.  In  classifying  bacteria,  therefore,  we  are  forced 
to  tJike  cognizance  not  only  of  morphology,  hut  also  of  stainii^  character- 
istics, behavior  on  differential  media,  fermentation  reactions,  patho- 
genicity, and,  as  a  final  appeal,  rea«rtion.s  with  specific  immune  sera. 
The  last  especially,  as  utilized  in  agglutination  and  complement-fixation, 
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seems  to  indicate  a  fundamental  chemical  difference  in  the  constitution 
of  bacteria  often  morphologically  very  much  alike.  It  is  certainly  a 
remarkable  fact  that  organisms  such  as  those  belonging  to  the  colon- 
typhoid-dysentery  group,  though  morphologically  not  diffcrentiable,  may 
still  retain  differences  both  in  pathogenicity  and  in  fermentation  powers 
after  being  kept  for  ten  or  more  years  in  lalmratory  media,  and  the  same 
experience  we  have  had  with  organisms  belonging  to  the  diphtheria 
group.  The  virulence  of  pl^ue  an<l  anthrax  bacilli  may  be  retained 
for  years  in  storage,  and  such  evidence  shows  pretty  definitely  that 
fundamental  constant  differences  between  oi^anisms  exist. 

In  judging  of  mutation  we  must  differentiate  between  temporary 
chaises  of  secondary  characteristics  which  revert  to  the  type  rapidly 
when  brought  back  to  the  normal  environment  and  those  which  consti- 
tute permanent  inherited  characteristics.  Of  recent  years  much  work 
has  been  done  on  this  question,  which  has  been  reviewed  very  thoroughly 
by  Eisenbet^ '  and  by  Vaughan.  *  Systematic  cultivation  of  colon  and 
typhoid  bacilli  in  the  hands  of  Twort,  Penfold  and  others  seems  to  have 
shown  that  agglutination  as  well  as  fermentation  characteristics  can  be 
artificially  changed.  Furthermore,  color-producing  organisms  like  the 
prodigiosus  can  be  artificially  changed  to  colorless  strains,  and  it  is 
well  known  that  certain  microorganisms  rapidly  lose  their  virulence 
when  cultivated,  Mid  that  the  virulence  can  only  be  broi^ht  back  by 
passage  through  animals.  Rosenow*  claims  recently  to  have  converted 
hemolytic  streptococci  into  typical  streptococcus  viridans,  pneumocoe- 
cus  mucosus,  and  pneumococcus-like  organisms.  In  just  how  far  these 
observations  will  be  shown  to  represent  true  permanent  mutations  we 
are  not  at  present  ready  to  determine.  If  it  will  be  found  that  organisms 
typically  representative  of  a  well-known  species  can  be  changed  in  the 
aiumal  body  or  in  culture  into  forms  recc^piizedly  typical  of  another 
Epecies,  we  will  have  to  revise  our  classifications,  and  we  can  look  upon 
the  classes  as  now  established  merely  as  convenient  methods  of  making 
dbcussion  possible,  but  not  as  representing  botanically  constant  types. 

While  we  must  therefore  admit  that  a  considerable  degree  of  muta- 
tion is  possible,  we  do  not  ourselves  believe  that  the  evidence  is  suffi- 
dgjitly  strong  to  undermine  the  prevailing  ideas  as  to  the  constancy  of 
species.  !Moat  mutations  so  far  produced  have  readily  reverted  .to 
type  when  subjected  to  nroppr  rjtTjijitinns.  J 

'  EUenberg,  Weichhardt's  ErRcbnisne,  1914. 

•  Vaughan,  Jour,  of  I.ab.  &  Clin.  Med.,  1915,  vol.  i,  145. 

■  Rotenow,  Jour.  lafect.  Die.,  xiv,  1914,  1. 
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^' 


THE  BIOLOGICAL  ACTIVITIES  OF  BACTERIA 

•  . 

While  ihe  bacteria  pathogenic  to  man  and  animals  largely  usurp 

the  attention  of  those  interested  in  Jiseaae  prt^RKHt-H  this  group  of  micro- 

'(\^*t^        organisms  is  after  nil  but  a  small  speci^ized  off-shoot  of  the  realm  of 

_,    -iW*'^   bacteria,  and,  broadly  speaking,  at^tuatlj[  of  minor  imnortapcc-    Sur- 

'  isfi^  .t  veying  the  existing  scheme  of  nature,  as  a  whole,  it  is  not  an  extrava- 

■X^      gant  statement  to  say  that  without  the  bacterial  processes  which  are 

Vi'^M  constantly  active  in  the  reduction  of  complex  organic  substances  to 

their  simple  compounds,  the  chemical  interchange  between  the  animal 

and    vegetable    kingdoms  would  fail,  and  all  life  on  earth  would  of 

necessity  ceaae.    To  understand  the  full  significance  of  this,  it  is  necca- 

sary  to  consider  for  a  moment  the  mpt-hnri  nf  t.hp  int^rpj^ftnyj;  ^f  matter 

Iff  ^  \-Aj>^tween  the  animal  and  ve^table  kintfdoms. 

^^^^^^   Ir^    -^^  animals  reauii-e  for  their  sustenance  organic  compounds.    They 

>>j<r  jj.  y"     are  unable  to  build  up  the  complex  protoplasmic  substances  which  foym 

their  body  cells  from  chemical  elements  or  from  the  simple  inorganic 

salts.     They  are  dependent  for  the  p^ftni'^'"'*""'  of  fihffir  ffKM-?*"^'', 

therefore,  directlx  QLJndirectij^upon  the  synthetic  or  anabolic  aotivi- 

■  ^ies  of  the  green  £lanta- 

These  plants,  by  virtue  of  the  chlorophyll  CQntajned  within  the  cells 
of  their  leaves  anti  stems,  and  under  the  influence  of  sunlight,  possess 
the  power  of  utilizing  the  carbon  of  the  carbonic  acTd  gas  of  the  atraos- 
pherCj  and  of  combinUig  it  with  water  ancT  the~riitrogcnouB  salts  ab- 
sorbed by  their  roota,  building  up  from  these  simple  radicles  the  highly 
complex"  substances  required  for  animal  sustenance. 

These  products  of  the  synthetic  activity  of  the  f^recn  plants,  then, 
are  ingested  by  meniliiirs  uTtlie  animal  kingdom, /cither  directly,  in  the 
form  of  vegetable  food,  or  indirectly,  as  anmial  matter.  They  are 
utilize<l  in  the  complex  laboratory  of  the  animal  body  and  are  again 
broken  down  into  simpler  compoun<lB,  which  leave  the  body  as  excreta 
and  secreta. 

The  excreta  and  aecreta  of  animals,  however,  arei_in..a_amaJl_part 

'J..     ^    only^  made  up  of  su_bstances  simple  enoiigh  to  be  directly  utilized  by 

'    t'^  -y  plants.    The  dead  bodies,  moreover,  of  Iwth  animals  and  plants  would 
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be  of  little  further  value  as  stores  of  matter  unless  new  factors  inter- 
vened to  reduce  them  to  that  simple  form  in  which  they  may  again 
ent«'r  into  the  sjTithetic  laboratory  of  the  green  plant.  Agents  for 
further  cleavage  of  these  compounds  are  required,  anti  theae  are  supplied 
by  the  vaned  activitiea  of  the  bacteria.    , 

On  the  other  hand,  bacteria  are  also  important  in  the  process  of 
S3mthesis.  The  main  supply  of  nitrogen  available  for  plant  life  is  found 
in  the  elementary  state  in  the  atmosphere — a  condition  in  which  it 
can  not  be  utilized  as  a  raw  product  by  the  plant.  This  gap  again  is 
bridged  by  the  bacteria  found  in  the  root  bulbs  of  the  leguminous  plants 
— bacteria  which  possess  the  power  of  assimilating  or  aiding  in  the  as- 
similation of  atmospheric  nitrogen  and  its  preparation  for  further  use  by 
the  plant  itwlf.  Another  bacterial  attivity  which  may  be  classified  as  an 
anabolic  process  is  the  oxidation  of  the  ammonia,  released  by  decomposi- 
tion, into  nitrites  and  nitrates.  This  is  carried  on  by  certain  bacteria  of 
the  soil.    These  are  to  be  treated  of  in  greater  detail  in  another  section. 

There  is  a  constant  circulation,  thei-cforc,  of  nitrogen  and  carbon 
compounds,  between  the  plant  and  the  animal  kingdoms,  by  virtue  of  an 
anabolic  or  constructive  process  in  the  one,  and  a  kartabolic  or  destnic- 
tive  process  in  the  other,  rendering  thorn  mutually  interdependent  and 
indispensable.  The  circuit,  however,  is  not  by  any  moans  a  closed  one; 
there  are  important  gaps,  both  in  the  process  of  cleavage  and  in  that  of 
synthesis,  which,  if  left  unbridged  by  the  bacteria,  wo\ild  effectually 
arrest  all  life-activity  of  plants  and  eventually  of  animals. 

Far  from  being  scourges,  therefore,  these  minute  microorganisms 
are  paramount  factors  in  the  great  cycle  of  living  matter,  supplying 
necessary  links  in  the  circulation  of  both  nitrogenous  and  carbon  com- 
pounds. 

KATABOLIO  A0TITITIK8  OV  BAGTERU 

The  katabolic  activities  of  bacteria,  then,  consist  in  the  fermentation 
of  carbohydrates  and  in  the  cleava^  of  nroti'iHs  and  fafj^, 

Fermentation  is  carried  out  to  a  large  extent  by  the  yeasts,  but  also 
to  no  inconsiderable  degree  by  bacteria.  Proteid  decomposition  an<l  the 
cleavage  of  fats  are  carried  out  almost  exclusively  by  bacteria. 

For  our  knowledge  of  the  fundamental  laws  underlying  those  phe- 
nomena of  fermentation  and  proteid  decomposition,  we  are  indebted 
to  the  genius  of  Pasteur,'  who  was  the  first  to  prove  experimentally  the 

>  Pa««tir,  "  fttude  aiir  la  hi  re,"  Paris,  1876. 
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exclusive  and  specific  parts  played  l>y  various  microorganisms  in  these 
processes.  While  the  observations  and  deductions  made  by  Pasteur  have 
not  been  greatly  modified,  a  large  store  of  information  has  been  gained 
since  his  time,  which  has  thrown  additional  light  upon  the  chemical  de- 
tails and  the  more  exact  manner  of  action  of  the  factors  involvwl. 

The  actual  work  of  cleavage  in  both  fermentation  and  protcid  cleav- 
age is  carrie<l  out  by  Bubstances  known  as  ennymes  or  ferments,  the  nature 
of  which  we  must  further  discuss  before  their  manner  of  action  can  be 
fully  comprehended. 

Bacterial  Encymea  or  r«nii«ntB. — A  ferment  or  enzyme  is  a  substance 
produced  by  a  living  cell,  whieh  brings  about  a  chemical  reaction  with- 
out entering  into  the  reaction  itself.  The  enzyme  itself  is  not  bound  to 
any  of  the  end  protlucts  and  is  not  appreciably  diminished  in  quantity 
after  the  reaction  is  over,  although  its  activity  may  be  finally  inhibited 
by  one  or  another  of  the  new  products.  The  action  of  bacteiialenzj'mes  is 
thus  seen  to  be  closely  similar  tn  that  of  Ihe  chemical  agents  technically 
spoken  of  a.s  "katalyzrrs,"  represent^-d  chiefly  by  dilute  acids.  Thus, 
if  an  aqueous  solution  of  saccharose  is  brought  into  contact  with  a 
dilute  solution  of  sulphuric  acid,  the  disaccharid  is  hydrolyzed  and  is 
decomposed  into  levulase  and  dextrose. 

Thus: 

C„H,jO,,    +    11,0    =    C,H„0,   +   C,H„0, 
In  conta<'t  with  Dextrose         Levulose 

dilute  HjSO< 

During  this  process,  which  is  known  as  "inversion,"  the  concentration 
of  the  sulphuric  acid  i^emains  entirely  unchanged.  While  thcoreticnlly 
the  changes  brought  about  by  enzymes  and  katalyzers  are  usually 
such  as  would  wcur  spontaneously,  the  time  for  the  spontaneous  oc- 
currence would  be,  at  ordinary  tcimpcratures,  infinitely  long.  The  defini- 
tion for  enzymes  and  katalyzers  is  given  by  Ostwald,  therefore,  as 
"  substances  which  hasten  a  chemical  reaction  without  themselves  taking 
part  in  it."  Exactly  the  same  result  which  is  obtained  by  the  use  of  dilute 
sulphuric  acid  is  caused  by  the  ferment  "inverta.se"  produced,  for 
instance,  by  B.  megathc-rium.  Were  a  solution  of  saccharose  sub- 
jected to  heat,  without  katalyzer  or  f(!rment,  a  similar  change  would 
occur,  but  by  the  mediation  of  these  substances  the  inversion  Is  pro- 
duced without  other  chemical  or  physical  reinforcement. 

This  analogy  between  enzymes  and  katalyning  agents  is  verj- 
atriking.     Thus,  as  stated,  both  katalyzers  and  enzymes  bring  about 
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changes  without  themselves  being  used  up  in  the  process,  both  act 
without  the  aid  of  heat,  and  the  reactions  brought  about  by  both   ^j_*(^^ 
have  occasionally  been  shown   to  be  reivfin'Mj:      While  this  last  phe-  "q^Sj^h 
nomcnon  has  been  variously  shown  for  ka^glyzers,  the  process  of  re-  ^'^^'"^^Or^ 
versibility  has  been  demonstrated  for  bacterial  enzyme  action  only  inA^iJi^--''" 
isolated  cases.     Thus,  it  has  been  found  that  by  the  action  of  the  yeast 
enzyme  maltase  upon  concentrated  dextrose  solutions,  a  re-formation  of 
maltose  may  occur.     In  both  cases,  moreover,  the  quantity  of  enzyme 
or  katalyzer  is  infinitely  small  in  proportion  to  the  amount  of  material 
converted  by  their  action. 

There  is  a  close  similarity,  furthermore,  between  the  bacterial  en- 
zymes and  the  ferments  produced  by  specialized  cells  of  the  higher  ani- 
mals anil  plants.  For  instance,  the  action  of  the  ptyalin  of  the  saliva  or 
of  the  diastase  obtained  from  plants  is  entirely  analoguu-i  to  ttie  starch- 
splitting  action  of  the  amylase  produced  by  many  bacteria. 

The  action  of  all  enzymes  depends  most  intimately  upon  environ-  ».i>A)twOL 
mental  conditions.  For  n|l  n{  them  the  presence  of  nioistun;  ia  oaacntial. 
.-Ul  of  them  depend  for  the  development  of  their  activity  upon  the  exist- 
ence of  a  specifically  suitable  reaction.  Strong  acids  or  alkalies  always 
inhibit,  often  destroy  them.  Temperatures  of  over  70°  C.  permanently 
destroy  most  enzymes,  whereas  freezing,  while  temporarily  inhibiting 
their  action,  causes  no  permanent  injury,  so  that  upon  thawing,  their 
activity  may  be  found  almost  unimpaired.  Direct  sunhght  may  injure, 
but  rarely  destroys,  ferments.  Against  the  weaker  disinfectants  in  com- 
mon use,  enzymes  often  show  a  higher  resistance  than  do  the  bacteria 
which  give  rise  to  them. 

The  optimum  conditions  for  enzyme  action,  then,  consist  in  the 
presence  of  moisture,  the  existence  of  a  favorable  reaction,  weakly  acid 
or  alkaline,  as  the  case  may  be,  and  a  temperature  ranging  from  35°— 
4.>°  C 

ProtMlftic  InsTmea. — In  nature,  the  decomposition  of  dead  animal 
and  vegetable  matter  occurs  only  when  the  conditions  are  favorable  for 
bacterial  development.  Thus,  as  ia  well  known,  freezing,  sterilizing  by 
heat,  or  the  addition  of  disinfectants  will  prevent  the  rotting  of  organic 
niat«rial. 

In  the  laboratory,  the  presence  of  nrotcolvtic  enzymes  is  ilpf^rrminod 
chiefly  bv  the  power  of  bacteria  to  linnefv  irelatin.  fibrin,  or  coagulated 
blood  serum.    These  ferments  arc  not  tdways  secretions  from  the  bac- 

iOppefiheimer,  "  Die  Fermenle,"  elc.    Leipzig,  1900. 
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*  t  Sf^^^C^^^^^  '"*'"'  '*'*'  '"  ^"'"^  cawjs  may  bo  closely  bound  to  the  cell-body  and 
l»**iZ^  ''  separable  only  by  extraction  after  death.  In  such  eases  they  are  spoken 
^j)  of  as  cndoen  zy  mea  ■  W  bene ver  they  arc  t  me  sec  retory  produc  tg ,  however, 

they  can  be  obtained  separate  from  thi?  niigr(K)rganiHmB_whirh  fpnn  them 
by  filtration  through  a  Berkefeld  candle.  jFrom  auch  filtrates  they  may, 
in  some  cases,  be  obtained  in  the  dry  atate  by  precipitation  with  alcohol. 
When  obtained  in  this  way  the  precipitated  enzyme  ia  usually  much 
more  thermostable  than  when  in  solution,  for  while  soluble  enzymes  in 
filtrates  are  usually  destroyed  by  70°  C,  and  even  leaa,  the  dried  powder 
may  occasionally  withstand  140°  C.  for  as  long  as  ten  minutes.* 

Apart  from  the  general  conditions  of  temperature  and  moisture,  the 
.^fftf^*  i  developmentof  these  enzymes  seems  todcpend  directly  upon  the  presence 
of  proteids  in  tb"  ^;"'*'";i'  "^fflin  The  numlx^r  of  bacterial  species 
which  produce  prote-^iytic  cnzymea  ia  legion.  Among  thoae  more  com- 
monly met  with  are  staphylococci.  B.  aubtili.H,  B.  proteua,  B.  faii:alia 
liquefaciens.  Spirillum  cholerai  aaiaticat,  B.  anthracis,  B.  fa;tani.  B.  pyo- 
cyaneuB,  and  a  large  number  of  others.  The  inability  of  any  given  niicro- 
organ!.sm  to  liquefy  gelatin  or  fibrin  by  no  means  entinily  exiilutles  the 
formation  by  it  of  proteolytic  enzymes,  since  these  ferments  may  often 
be  active  for  one  particular  class  of  protcid  only. 

In  order  to  study  the  qualitative  and  quantitative  powers  of  any 
given  bacterial  proteolyzing  enzyme  or  protease,  it  is,  of  course,  neces- 
Bary  to  study  these  processes  in  pure  culture  in  the  test  tube  with  media 
of  known  composition.  In  the  refuse  heap,  in  sewage,  or  in  rotting 
excn-ta,  the  process  is  an  extremely  complicated  one,  for  besides  the 
bacteria  which  attack  the  protcid  molecule  itself,  there  are  many  other 
species  supplementing  these  and  each  other,  one  species  attaeking  the 
more  or  less  complex  end-products  left  by  the  action  of  the  others. 

Exactly  what  the  chemical  reactions  are  which  take  place  in  these 
ckiavi^res  is  not  entirely  clear.  It  is  believed,  however,  that  most  of  the 
cleavages  are  of  an  hydrolytic  nature. 

In  general,  the  action  of  the  protcid-splitting  ferments  is  comparable 
to  that  of  the  pancreatic  ferment  tn'psin.  and  they  are  most  uft^-n  active 
in  an  alkaline  envimnniiiif!  They  differ,  among  themselves,  chiefly  in 
the  form  of  protcid  whi»inTr!ey  are  competent  to  attack,  and  in  the 
extent  to  which  they  are  able  to  redxice  it  toward  its  simple  radicles. 

A  distinction  is  occasionally  made  between  the  torma  jnUreSaclion 
and  decaii.  the  former  being  used  to  refer  to  the  decomposition  taking 

<  Fv/mttann,  "  Die  Bakterieniyme,"  p,  4S, 
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place  under  tmserobic  conditiotm.  that  is.  in  the  absence  of  oxveen.  a  a^^U*.jJVi 
process  luualty  resulting  in  incomplete  cleavage  of  the  proteid  medium;  '       ' 

the  latter  being  used  to  signify  decomposttiona  under  aerobic  conditions   1^  »_tw 
and  leading  to  a  more  complete  aplibtmg,  the  end-products  often  being  I 

represented  by  such  simple  compounds  an  carhon  tlioxidn,  water,  and 
ammonia,  in  general,  the  products  of  putrefaction  arc  largely  repro- 
sented  by  the  amino-acida.  leucin  and  ty rosin  jlfatty  acids,  mcrcaptan. 
indol,  and  skatol.  The  gases  generated  in  such  decompoBilion  are  largely 
made  up  of  CO,,  hydrogen,  NH;  and  H,  S.  The  coincident  presence, 
furthermore,  of  the  carbohydrate-aplitting  bacteria  and  of  denitrifying 
microorganisms  renders  the  actual  process  of  putrefaction  a  chaos  of 
many  activities  in  which  the  end-products  and  by-products  are  qualita- 
tively determinable  only  with  much  inexactitude,  and  which  com- 
pletely defies  any  attemjjt  at  quantitative  analysis. 

Ptom/itfw. — There  are  certain  products,  however,  resulting  from  the 
proteolytic  action  of  bacterial  enzymes  upon  proteids  which  claim  more 
than  a  purely  chemical  interest  because  of  their  toxic  action  upon  the 
animal  organism,  and  their  consequent  importance  as  iucitants  of  dis- 
ease. Pre-eminent  among  these  are  the  ptomains.  The  word  ptomain 
(from  ^ratna^  a  dead  body)  is  used  to  designate  organic  chemical 
compounda  produced  by  the  action  of  bacteria,  which  <^rc  baai'p  in  fhar- 
acler;  tnat  is,  arc  able  to  combine  with  an  acid  to  form  a  salt.  They 
ahould  b:^  definitely  distinguisheil  from  the  so-called  leucomains,  a 
term  employed  to  designate  similar  substances  formed  in  the  coui'se 
of  proteid  metabolism  within  the  animal  body,  and  not  bacterial  in 
origin.  Both  in  their  basic  characters  and  in  their  nitrogenous  constitu- 
tion, the  ptomains  resemble  the  vegetable  alkaloids,  an{l  for  this  rea.'ion 
are  sometimes  spoken  of  as  "  animal  alkaloids." 

The  ptomains  must  bo  sharply  dJ.^tingiiL-thed  from  the  bacterial 
toxins,  which  are  pi-oducts  of  the  bacterial  growth  irrespective  of  the 
medium  in  which  they  are  grown  except  in  so  far  as  this  hinders  or 
abets  the  development  of  the  microorganisms.  Thus,  toxins  may  be 
developed  by  diphtheria  organisms,  for  instance,  in  proteid-free  media. 
As  will  be  seen  in  a  subsequent  section,  the  true  toxins  arc  comparable 
to  the  enzymes  themselves,  rather  than  to  their  cleavage  products,  rep- 
resented in  this  instance  by  the  ptomains. 

A  great  number  of  ptomains  are  chemically  known.  Many  •>! 
these  possess  little  or  no  toxicity.  Others,  however,  like  putreacin 
{tetramethylcnediamin,  CiH,,Nj)  and  cadaverin  (CsHnNj)  are  very 
hi|^y  poisonous.    It  is  to  one  or  another  of  these  ptomains  that  most 
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cases  of  so-called  meat  poisoning  (kreatoxismus),  cheese  poisoning 
(tyrotoxiamus) ,  or  vegetable  poisoning  (sitotoxismus)  are  due. 

In  each  individual  case  the  variety  of  ptoniaiu  resulting  from  a  bttc- 
terial  decomposition  varies  with  the  individual  species  of  microorganism 
taking  part  in  the  process  and  with  the  nature  of  the  proteid  upon  which 
its  development  takes  place. 

In  breaking  down  animal  excreta,  the  task  of  the  bacteria  is  rather 
a  simpler  one  than  when  dealing  with  the  cadavers  themselves,  for  here  a 
part  of  the  cleavage  has  already  been  carried  out  either  by  the  destruc- 
tive processes  accompanying  metabolism,  or  by  partial  decomposition  by 
bacteria  begun  within  the  digestive  tract.  This  material  outside  of  the 
body  is  further  reduced  by  bacterial  enzymes  into  still  simpler  sub- 
stances, the  nitrogen  usually  being  liberated  in  the  form  of  ammonia. 
One  example  of  such  an  ammoniacal  fermentation  may  be  found  b 
the  case  of  the  uma  fermentation  by  Micrococcus  ure.-p,  in  which  the 
cleavage  of  the  ur^'a  takes  place  by  hydrolysis,  according  to  the  follow- 
ing formula: 

(NH^,  CO  +  2H,  O  =  CO,  +  2NH,  +  H,  O 

Similar  ammoniacal  fermentations  are  carried  out,  though  perhaps 
according  to  less  simple  forroulfe,  by  a  large  number  of  microorganisms. 
Perhaps  the  most  common  species  which  po.ssesses  the  power  is  the  group 
represented  by  B.  proteus  vulgaris  (Hauser). 

From  what  has  been  said  it  follows  naturally  that,  so  far,  the  decom- 
position of  the  proteid  molecule  from  its  complex  structure  to  ammonia 
or  simijle  ammonia  compounds  is  an  indispon«ably  important  function. 
nif\  ^uly  fur  .^.yriciilhirc,  but  for  thf.  iiiflintcTiM.ncc  of  nil  life  proceaaes. 
It  is  clear,  on  the  other  hand,  that  a  further  dccom  posit  ion  of  ammonia 
compounds  into  fonns  too  simple  to  be  utili/^-il  by  the  gnTn  plants  would 
be  a  <lecidcdiy  hannful  activity.  And  yet  this  is  brought  about  by  the 
BO-(!alIed  ch-iiitrifying  bacteria  which  will  be  comsideri'd  in  a  subsequent 
section. 
t  Lab  Engines. — There  are  a  number  of  ferments  produced  by  bacteria 
which,  -although  affecting  proteids,  can  not  properly  be  classified  with 
the  proteolytic  enzymes,  The.se  are  the  so-called  coagulaaes  or  lab 
enzymes,  which  have  the  power  of  producing  coagulation  in  liquid  pro- 
teids. Just  what  the  chemical  process  underlying  this  coagulation  is, 
is  not  known.     If  Hamniarstt-n's '  conclusions  as  to  the  hydrolytic 
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nature  of  the  changes  produced  by  them  are  true,  these  enzjines  are 
brought  into  close  relationship  to  the  proteolyzere,  although  a  coagula- 
tion can  hardly  be  regarded  as  a  true  katabolic  process!  In  milk  where 
the  lab-action  benomes  evident  by  precipitation  of  casein,  a  strict  dif- 
torentitttion  must  be  made  between  this  coagulation  and  that  brought 
about  by  acids  or  alkalies.  In  the  formpr  nase,  casein  Ja  not  only  pre- 
cipitated and  converted  into  paracasein,  but  is  actually  changed  so  that 
when  rwlLssoIved  it  is  no  longer  precipitated  by  lab.' 

Coagulating  enzymes  for  milk  proteids,  blood,  and  other  proteid 
solutions  are  produced  by  a  large  variety  of  bacteria.  They  have  been 
observed  in  cultures  of  the  cholera  vibrio,  B.  prodigiosus,  B.  pyocyaneus, 
and  several  others.' 

The  lab  eniiymes  are  easily  destteyed  by  temperatures  of  70°  C,  and 
over,  and  are  very  susceptible  to  excessive  acidfty  or  alkalinity. 

Tat-SpUtting  Bniyiiies  (lAjjfj^e). — The  fat-splitting  powers  of  bac- 
teria have  been  less  studied  than  some  of  the  other  bacterial  func- 
tions and  are  correspondingly  more  obscure.  It  is  known,  nevertheless, 
that  the  process  is  tlue  to  an  enzyme  and  that  it  Js  probably  hydrolytic 
in  natuPe.  The  following  formula  represents  the  simplest  method  in 
which  some  of  the  molds  and  bacteria  produce  cleavage  of  fats  into 
glycerin  and  fatty  acid. 

C,  Hi  (Cn  H„.,  OJ,  +  3H,  0  =  C,  H,  (OHJ  +  3C„  H^  O, 
Glycerin         Fatty  acid 

Some  of  the  bacteria  endowed  with  the  power  of  producing  lipase 
are  the  spirillum  of  cholera.  B.  fluorescens  liquefaciens.  B.  prodigioHus. 
B.  pyocyaneus,  Staphylococcus  pyogenes  aureus,  and  some  members  of 
the  streptothrix  family.    The  methods  of  investigating  this  function  of 
bartf^'ria,  onginatcd  by  Kjkniann,'  consists  in  covering  the  l>Qttom  of  a  /J»/*vi/ 
Petri  dLsh  with  tallow  antl  pouring  over  this  a  thin  layer  of  agar.    TTpon    *i     , 
this  the  bacteria  are  planted.     \ny  diffusiun  of  lipase  from  the  bactcrial^^^"^ 
colonics  becomes  evident  by  a  formation  of  white,  opaque  spots  in  the  */-'Wiff .■ 
tallow. /Carri^re^  was  able  to  demonstrite  a  fat -sjiht ting  ferment  for  the 
tubercle  bacillus.     Apart  from  the  importance  of  these  enzymes  in 
nature  for  the  destruction  of  fats,  thtj  are  mdustrially  important  be- 

1  Oppenheimer, "  Die  FenneDte  u.  ihre  Wirkung."  Leipzig,  1903. 

•  Tortni,  Atti  dej  laborat.  d.  sanita,  Rome,  1890. 
t  Ejkmann,  Cent.  f.  Bakt.,  I,  xxix,  1901. 

•  Carrih-e,  Comptes  rend.  Ae  la  aoo,  de  biol.,  53, 1{H)1. 
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cause  of  their  actioo  m  rendering  butter,  milk,  tallow,  and  allied  prod- 
ucts raticid,  and  are  medically  of  intereBt  for  their  action  upon  fats  in 
the  intestinal  canal. 

BniymM  of  remi«ntati<Hi  (The  Cleavage  of  Carbohydratet  by  Bacleria). 
— The  power  to  aaajmilate  carl;>oif  dioxide  ^rom  the  atmosphere- is 
poaacaacd  only  by  the  green  planta  and  somp  <if  thf  ^-nlffrpH  aly*- 
and  the  a^ilphur  ftr  M'hjnhjU-tprift. ^  All  ntjicr  living  beings  arc  thus 
dependent  for  their  supply  of  carbon  upon  the  synthetic  activities 
carried  on  by  these  plants  to  the  same  degree  in  which  they  are  de- 
pendent upon  similar  processes  for  their  nitrogen  supply.  The  return  of 
this  carbon  to  the  atmosphere  is,  of  course,  brought  about  to  a  large  ex- 
tent by  the  respiratoiy  propesst-s  of  the  higher  animals.  The  carbon, 
which,  together  with  nitrogen,  forms  a  part  of  proteid  combinations,  is 
freed,  as  we  have  seen  in  a  previous  section,  by  the  procesaea  of  pmleid 
'tieavaee.  That,,  hnwevfr  ^l|i..h  ia  ii...|..>tf.l  iit  the  i^t^rhohvdral^  mole- 
ci|lp.  is  Hft.  fi^  \)Y  'h..  ni.«mn  »f  yt^gtx^  mnlds.  or  bactfrift.  bv  an  enzy- 
matic process  simila.'  in  every  inspect  to  that  described  above  for  the 
process  of  proteid  cleavage. 

Feruentatiok. — ^The  power  of  carbohydrate  cleavage  is  possessed 
by  a   large  number  of  the  yeasts  and  bacteria.    The  process,  as   has 
been  indicated,  is  of  great  importance  in  the  cycle  of  carbon  compounds 
for  the  return  of  carbon  to  its  simplest  forms,  and  is,  furthermore,  as 
'  I '  '4^ will  be  seen  in  a  later  section,  of  great  utility  in  the  industries.    In  each 
jj^W      7  cast-  the  power  to  split  a  narticular  carbohydrate  is  a  mori'  or  jess  specific 
J^^^jTV      charactpristic  of  a  given  species  of  miiroorganism,  antl  for  this  reason 
M  has  been   extensively  used   as  a  methoil   for   the   biological   differen- 

tiation of  bartcria.j  In  the  course  of  much  rareful  work  upon  this 
que.itton  it  has  been  ascortainetl  that  the  specific  csrbohyd  rate-splitting 
powers  of  any  given  species  are  constant  and  unchanged  ^through 
many  generations  of  artificial  cultivation.  Thus,  differentiation  of  the 
Gram-negative  bacteria,  the  niemljers  of  the  pneumococcua-streptococ- 
cua  group,  and  the  diphtheria  group, can  now  largely  be  made  by  a  study 
of  their  sugar  fermentations. 
.  K  ^'j  In  most  of  these  eaaes,  as  far  as  we  know,  the  cleavage  ia  produced  by 
y*-*^  a  process  of  hydrolysis.  A  convenient  nomenclature  which  has  been 
adopted  for  the  designation  of  these  ferments  is  that  which  employs  the 
name  of  the  converted  carbohydrate  adding  the  suffix  "  aae  "  to  indicate 
the  enzyme.  There  are  thus  ferments  known  as  amylase,  cellulasc,  iac- 
ta.se,  etc. 

Amii!asr    (Diastase  or  AmtfloliitJc  Ftw-metU). — Amylases  or  atarch- 
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splitting  enzymes  are  forme<l   by  many  pluntu  (malt)  and  by  animal 
oi^ns   (pancreas,  saliva,  liver).      Among  microorganisms  amylase  ia 
produced  by  many  of  the  streptothrix  group,  by  the  spirilla  of  Asiatic 
cholera  and  of  Finkler-Frior.  by  B.  antliracia  and  many  other  bacteria. 
-\  large  number  of  the  bacteria  foun.l  in  the  Boil,  furthermore,  have       ^ 
been  shown  to  produce  amylaees.     By  cultivating  bacteria  upon  starch-^^*^*y 
ajar  plsteB.  amylase  can  be  readily  demonstrated  by  a  clearing  of  the   "'f^J}^, 
mediiim  imtnPrlip^tj-ly  aiirmiiTnlJjig-  the  colonies.' 

Since,  of  course,  there  are  several  varieties  of  starches,  it  follows  that 
the  exact  chemical  action  of  amylase  dilTera  in  individual  cases.  The 
determination  of  the  structural  disintegration  of  starch  by  these  fer- 
ments ia  fraught  with  much  difficulty,  owing  to  the  polymeric  constitu- 
tion of  the  starches.  Primarily,  however,  a  cleavage  takes  place  into 
a  disaccharid  such  aa  maltose  (hexobiose) ,  and  the non-reduiiug sugars 
and  dextrin.  Beyond  this  point,  however,  the  further  cleavages  are 
subject  to  much  variation  and  are  not  entirely  clear,  The  dcxtrins 
upon  further  reduction  yield  eventually  dextrose. 

Ceifw/ti«e. ^-Cellulose  ia  fermented  by  a  limited  number  .of  ba<'teria, 
most  of  them  anaerobes.  The  chemical  process  by  which  this  takes  place 
is  but  poorly  understood.' 

Ceto«e."^An  agar-splitting  ferment  has  been  found  by  Gran,' 

/nrerfgqf. — ^The  enzymes,  which  hydroiytically  cause  cleavagf?  of 
aaccaarose^to  dextrose  and  levuloae  are  numerous.  The  chemical 
process  takes  place  according  to  the  following  formula: 

C,2H„0,,  +  H,0-=C,H,jO,  +  C,  H„0, 
Saccharose  Dextrose       Levulooe 

Invertase  is  produced  by  many  of  the  yeaats.  It  is  one  of  the  most 
common  of  the  enzymes  produced  by  bacteria,  and  has  been  found  in 
cultures  of  B.  megatherium.  B.  subtilis.  pncumococcua.  some  strepto- 
cocci, B.  coli.  and  many  others.  Invertase  is  usually  very  susceptible  to 
beat,  being  destroyed  by  temperatures  of  70°  C.  and  over.  A  slightly 
acid  reaction  of  media  abets  the  inverting  action  "^f  tbpw  pngvmps 
Strong  acids  and  alkalies  inhibit  them.  Inverting  enzymes  mav  be 
nrpcipitat^i  "»*  rtf  soliition  hy  alcohol.  Antiseptics  even  in  weak  con- 
centrations  will  inhibit  their  action. 

'  Ejtmann,  Cent,  f,  Bakt.,  Htiit,  1901,  and  iniv,  1904. 

<  Om^iaiaiki,  Lafar'a  "  Handb.  A.  t«chn.  Mykologie,"  Bd.  iii,  Chap.  9t 

'  (rpon,  Bergens  HuBeum  Aarbog,  1903,  Hft.  \. 
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Lactase.  — Laetotic--splittimi  f(;mictitH  arc  oxtrcmcly  common  both 
among  bacteria  and  among  tUc  yeasts.  The  process  ig  ht^ro  again  a 
hydrolytic  cleavage  resulting  in  the  formation  of  the  monosaecharids 
as  dextrose  and  galactose. 

Mallase. — A  maltose-splitting  fenncnt  has  also  been  found  in  the    yj 
cultures  of  many  bacteria,  leading  to  the  formation  of  dextro-ie,  ti^^l-HO" 

Lactic  Acid  Fernientaiion. — I^actic  acid  (oxypraprionic  acid,  C,  H,  Oj) 
is  one  of  the  most  common  substances  to  appear  among  the  prod- 
ucts of  bacterial  activity,  both  in  meilia  containing  carbohydrates 
and  in  those  consisting  entirely  of  albuminous  substances.  In  most  of 
these  cases,  the  lactic  acid  is  formed  merely  as  a  by-piwtuct  at^com- 
panying  many  other  more  wmplicatt^  chemical  cleavages.  In  8ome 
instances,  however,  latrtic;  acid  is  protluced  from  carljohyd rates,  Ixith 
dtaaceharids  and  mono.siu!charids,  as  an  aUuo(it  pure  produ<t  due  to  a 
specific  bio-chemical  process.  The  rt-actious  taking  place  in  this  phenom- 
enon may  be  briefly  expressed  according  to  the  following  formula;: 

0,jII„0„  +  11,0  -    ICjH.  O, 
Lactose  Lactic  acid 

or 

C,  !1„  O,  =  2(^,  H,  O, 
Dextrose     Lactic  acid 

In  the  same  way  lactic  acid  may  be  produced  by  bacteria  from  levii- 
losc. 

Examples  of  lactic  acid  formation  are  funiLshed  by  the  streptococcus 
lacticus^  ami  }i.  lactis  iieroYcur-a.  In  the  case  of  the  former,  the  fer- 
mentation may  indeed  proceed  by  tli(!  simple  chemical  proce.ss  indi- 
cated in  the  formidsc,  Hincc^  the  mitioti  of  the  bacillus  is  eiit.in^ly  unac- 
companied by  the  (ivohitron  of  gas. 

Numerous  other  bacteria  procince  large  amoimts  of  lactic  acid  from 
lactose,  possibly  by  chemical  proces-sca  less  simply  formulated.  Among 
these  are  bacilli  of  the  coIoil  grouB.  ^  I"''fliif'"i""'i  B.  proteus  vulti|aris. 
an<l  many  othci-s.  Although  lactic  acid  is  usually  the  chief  piwluct  in 
the  bact<'iial  fermentation  of  the  simpler  carbohydnitcs,  acetic,  formic, 
and  butyric  acids  may  often  Ik;  found  as  liy-products  in  variable 
amounts.'  '  1 

0;r;fdnscs  (Oxudizjp'j  PriTW"'"'^  — Thn  niost  common  example  of 
oxidation  by  means  of  bacterial  ferments  is  the  production  of  acetic  acid 

'  Buckner  und  Meiaenheimer.  Ber.  tl  Deut.  cliem.  Gesellsch,,  xxxvi,  1903.  *     | 
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from  weak  solutions  of  ethyl  alcohol.  This  process,  which  is  the  basis  of 
vinegar  prodiiction,  is  universally  carried  out  by  bacterial  ferments. 
ftTiile  possessed  to  some  extent  by  a  eonsidorable  number  of  microorgan- 
isms, acetic  acid  formation  is  a  function  pre-eminently  of  the  bacterial 
groups  described  by  Hansen,  including  "  Bacterium  aceti "  and  "  Bac- 
terium pasteurianum."  To  these  two  original  groups  a  number  of  others 
have  since  been  added. 

The  organisms  arc  short,  plump  bacilli,  with  a  tendency  to  chain- 
formation,  and  occasionally  showing  characteristically  swollen  centers 
and  many  irregular  involution  forms.  In  the  production  of  vinegar,  as 
generally  practiced  by  the  farmer  with  cider  or  wine,  these  bacteria 
accumulate  on  the  surface  of  the  fluid  us  a  pellicle  or  scum  which  is 
popularly  known  as  the  "mother  of  vinegar."  Destruction  of. these 
bacteria  by  disinfectants  or  by  sterilization  with  heat  promptly  arrests 
the  process  of  vinegar  formation.  Chemically,  the  conversion  of  the 
alcohol  consists  in  a  double  oxidation  through  ethyl  aldehyde  into  acetic 
acid  as  shown  in  the  followinff  formulae: 

1.  CjHs  (OH)  -I-  O  =  CH,  (COH) 
Alcohol  Ethyl  aldehyde 

2.  CHj  (COH)   +  0  =  CH,  (COOH) 
Acetic  acid 

Alcohdic  Fermenlntiim  (Zmnme). — The  formation  of  alcohol  as  an 
end  product  of  fermentation  is  of  great  importance  in  a  number  of  the 
industries,  primarily  in  the  production  of  wine  and  beer.  While  aecom  • 
plished  by  a  number  of  bacteria,  this  form  of  fermentation  is  carried 
out  chiefly  by  the  veasts. 

Expressed  In  formute  the  simplest  varieties  of  alcoholic  fermenta- 
tion, from  mono-  and  disaccharids,  may  be  repreaonted  as  follows: 

C,H„Og  =  2C,H(  (OH)  -I-  2  CO, 
Dextrose  Ethyl  alcohol 

or 

C„HmO„  +  HjO  =  4CjHs(0H)  +  4C0, 
Saccharose  Ethyl  alcohol 

In  all  cases  the  process  may  not  be  so  simple  as  indicated  by  the  equa- 
tions, since  by-products,  such  as  higher  alcohols,  glycerin,  succinic 
and  acetic  acids,  may  often  bo  found  in  small  traces  among  the  end- 
products  of  such  fermentations.    The  conditions  which  favor  alcoholic 
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fprmcntatioB  by  the  yeasts  arc  extremely  important,  since,  upon  obaer- 
servaDCc  of  these,  depends  much  of  (he  uniformity  of  result  which  is  so 
desirable  in  the  induHtrit>s  mentioned  above.  The  optimum  concentra- 
tion of  sugar  for  the  prodiietioii  of  the  highest  quantity  of  aJcohol  is  at 
or  about  2">  per  cent.  The  temperature  favoring  the  process  ranges 
about  30°  C.  Under  such  conditions  fermentation  may  continue  until 
the  alcohol  forms  almost  a  ■20-per-cent  solution.  Most  of  the  fermenta- 
tions important  in  the  wine,  beer,  and  spirit  industries,  take  place  under 
anaerobic  conditions,  since  the  carbon  dioxide  which  is  formed  soon 
shuts  out  any  excess  of  air. 

In  the  indnatrial  emnlovment  jif  veasts  for  fermentative  purposes,  it 
ia  necessary  to  work  with  specifja  strains,  and  in  scientifically  conducted 
vineyards,  breweiies,  and  distilleries  the  stuiiy  and  pure  cultivation  of 
the  yeasts  form  no  iininiiiortant  part  of  the  work.  Certain  races  of  yeasts 
arc  more  uniforin  in  iheir  fermentalive  powers  than  others,  and  the  by- 
products formed  by  some  races  differ  sufTici^'ntly  from  those  of  other 
■  races  to  cause  mal^'rial  differences  in  thf*  resulling  substances.  In  the 
wine  industries,  the  yeasts  differ  mu''h  from  one  another  according  to 
climatic  and  other  environmental  eomlitions.  In  vineyards  natural 
inoculation  of  the  prapes  occiii"s  by  transportation  of  the  y^aat  from 
the  soil  to  the  surface  of  the  grapes  by  wasps,  bees,  or  other  insects, 
through  whose  aiimeiitaiy  canals  tlie  mici-oorganisms  pass  uninjured. 
In  the  autumn  the  yeast  is  returned  to  the  soil  by  falling  berries  and 
remains  alive  in  the  upper  layers  of  the  ground  throughout  the  winter 
months.  In  actual  practice  this  natund  yeast  inoculation  is  not  de- 
pended upon,  but  pure  cultun^  of  artificially  cultivated  yeasta  are 
rniployeit  for  inoculation.  In  sonus  of  the  wine-growing  countries  these 
are  supplied  by  s|)ccial  government  cx|)eriment  stations. 

Dsnitrifring  Bactwia. — Nitrog<-n  is  most  remlily  absorbed  by  plants 
in  the  form  of  nitiatca.  These  anr  fumisheil  to  the  soil  chiefly  by  the 
prqleijl  deconiposit  jon  Jnducetl  by  the  proteolytic  bacterial  enzymes. 
It  is  self-evident,  therefore,  that  any  cleavage  which  reduces  nitrog- 
enous matter  beyond  the  stage  of  nitrates,  to  nitrites  and  ammonia, 
detracts  from  the  value  of  the  nitrogen  as  a  food  stuff  for  plants, 
and  the  eventual  setting  free  of  nitrogen  in  the  elementary  state  ren- 
ders it  entirely  valueless  for  any  but  the  leguminous  plants. 

Nevertheless,  this  process  of  nitrogen  waste  or  denitrification  is 
constantly  going  on  in  nature.  In  the  course  of  ordinary  decomposition, 
there  is  a  constant  reduction  of  nitrogenous  matter  to  nitrites  and  salts 
of  ammonia,  actively  taken  part  in  by  a  host  of  bacteria,  as  many  as 
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S5  out  of  109  investigated  by  Maassen  '  being  found  to  possess  this  power. 
This,  however,  is  not  nearly  so  harmful  a  source  of  nitrogen  waste  as 
the  process  technically  spoken  of  as  true  denitrification,  in  which 
nitrates  are  reduced,  through  nitric  and  nitrous  oxides,  to  elementary 
nitrogen. 

This  phenomenon,  more  widely  spread  among  bacteria  than  at  fiist 
believed,  depends  essentially  upon  simple  oxygen  extraction  from  the 
nitrates  by  the  bacteria,  and  for  this  reason  goes  on  most  actively  when 
the  supply  of  atmospheric  oxygen  is  low.  The  first  bacteria  described 
as  poMcssing  this  power  of  denitrification  were  the  so-called  B.  donitri- 
ficaiis  1  and  II.  the  first  an  obligatory  anaerobe,  the  other  a  facultative 
aerobe.  Since  then  numerous  other  bacteria,  among  them  B.  coli  and 
B.  pyocyaneus  have  been  shown  to  exhibit  similar  activities.  It  i^ 
important  agriculturally,  therefore,  to  know  that  many  species  which 
are  able  to  utilize  atmospheric  oxygen  when  supplied  with  it,  will  get 
their  oxygen  by  the  reduction  of  nitrates  and  nitrites  when  free  oxygen 
is  withheld.  It  is  thus  clear  that  a  loss  of  nitrogen  is  miiH^h  """"*  "^pt- 
to  proceed  rapidly  m  manure  heaps  which  arc  piled  high  and  poorly 
aerated.  I  There  are  othe^  factors,  however,  in  regard  to  the  physi- 
ology of  these  microoiganisms,  which  must  be  considered  for  practical 
puiposes. 

In  order  that  these  bacteria  may  develop  their  denitrifying  powers 
to  the  beat  advantage,  it  is  necessary  to  supply  them  with  some  carbon 
compound  which  is  easily  absorbed  by  tTieiiT.  This^  7n  decomposing 
material,  is  furnished  by  the  products  of  the  carbohydrate  cleavafip 
going  on  side  by  side  with  the  proteolytic  processes.  It  is  stilt  more 
or  less  an  open  question  whether  the  facilitation  of  denitrification 
brou^t  about  in  manure  heaps  by  the  presence  of  hay  and  straw  is  due 
tfl  the  carbon  furnished  by  these  materials,  or  whether  it  is  due  to  the 
fact  that  bacilli  of  this  group  are  apt  to  adhere  to  the  straw  «bich  acts 
in  that  case  as  a  means  of  inoculation. 

The  actual  danger  of  nitrogen  depletion  of  the  soil  by  denitrifying 
processes  is  probably  much  less  threatening  than  was  formerly  supposed; 
for,  in  the  firet  place,  the  conditions  for  complete  denitrification  arc 
much  more  perfect  in  the  experiment  than  they  ever  can  be  in  nature, 
and  the  nitrifying  processes  going  on  side  by  side  with  denitrification 
make  up  for  much  of  the  loss  sustained. 


<  JfooMen,  Arb.  a.  d.  kaia.  GebUDdbeitoamt,  1,  x 
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Kitrogen  Fixation  by  Bactwia. — ^The  constant  withdrawal  of  nitroge- 
"t  'X  'Ci  nous  substances  from  the  soil  by  innumerable  plants  would  soon  lead  to 
^  tw***  total  depletion  were  it  not  for  certain  fori-rs  continually  at  work  re- 
plenish i ng  the  supply  out  of  the  large  store  of  free  nitrotren  in  thr  atnios- 
plicre.  'I'his  important  function  of  n'turning  nitrogen  to  the  sihI  in 
suitable  form  for  consumption  by  the  plants  is  i«rfornied  largely  by 
bacteria. 

It  is  well  known  that  specimttiis  of  agricultural  soil  when  allowed  (o 
stand  for  any  length  of  time  without  further  interference  will  increase 
in  nitrogenous  content,  but  that  similar  spt^cimens,  if  sterilized,  will 
show  no  such  increase.'  The  obvious  conclusion  to  be  drawn  from  this 
phenomenon  is  that  some  living  factor  in  the  unsU-rilized  soil  has  aided 
in  increasing  the  nitrogen  supply.  Light  was  thrown  upon  this  problem 
when  Winogradsky,*  in  IS93,  discovered  a  microorganism  in  soil  whieh 
posses-scd  the  power  of  assimilating  large  quantities  of  nitrogen  from 
the  air.  This  bacterium,  which  he  named  "Clo.stridium  Paateurjanum." 
is  an  obligatory  anarrnlio  which  in  nature  always  occurs  in  s^robiosis 
with  two  ftth"'"  ''"'■"""'iYrV  nimpmhif  r|ij|-rpoifranisniB.  In  sym- 
biosis with  these,  it  can  be  cultivated  under  aerobic  conditions  and  thus 
grows  reatiily  in  the  upper  well-aerate<i  laj'cra  of  the  soil. 

Although,  until  now,  no  other  bacU'na  with  equally  well-developed 
nitrogen -fixing  powers  have  Ix'en  discovt^red,  yet  it  is  more  than  likely 
that  Clostridium  Pasteurianum  is  not  the  only  microorganism  endowed 
with  this  function.  In  fact,  Penicilliuni  glaucum  and  Aspergillus  nigcr, 
two  molds,  and  two  other  bacteria  described  by  Winogradsky,  have  Ix-en 
shown  to  posscss'this  power  slightly,  but  in  an  incomparably  less  niarkwl 
degree  than  (lostridlum  Paat«urianum.'  .\ccording  to  the  ealeulations 
of  Sachse,*  unstcriliz»«l  soil  may,  undcsr  e.tpctri mental  con<litions,  g;ain 
as  much  as  25  milligrams  of  nitrogen  in  a  w^ason,  a  statement  which 
nermits  the  calculation  of  a  gain  of  twelve  kiloprams  of  nitrogt^n  tx>r 
acro^ annually.'/  It  is  very  unlikely,  however,  that  su<h  gains  actually 
ocvAit  m  nature,  where  nitrogen-fi.vation  and  nitrogen-loss  usually 
occur  side  by  side. 

1  RerOicUA,  ('omiit.  rem),  ifp  U  bdc.  do  bioL,  cxvi,  1893. 

1  Winngrtulsky,  (lompt.  micl.  de  la  »«;.  dc  biol.,  cxvi,  1893,  ibid.,  t.  cxviii,  1S»4. 

*  Tarke,  Lamlivirt*icli.  Jahresbcr,  xviii,  1889. 

*  Sachse,"  Xs^.  Chcin.,"  IXJS^t. 

'  PJeger,  Pflugers  I'hyuiologie,  p.  395. 
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Agriculturally  of  even  greater  importance  than  the  free  nitrogen- 
fixing  bacteria  of  the  soil  are  the  bacteria  found  in  the  root  tubcrclea  of 
a  ctasa  of  plants  known  ga  "Ic^uniipnmp."  /  Tt  han  Itmtr  liaen  known  that 
t'EiscIa^ofplanta,  including  clover,  peaa.  beana,  vetch,  etc. ,  not  only  does 
not  withdraw  nitrogen  from  the  soil,  hut  rather  tends  to  enrich  it.  Upon> 
this  knowledge  has  depended  the  well-known  method  of  alternation  of 
onips  employed  by  famiera  the  world  over.  The  actual  reason  for  the' 
beneficial  influence  of  the  leguiuinoHte,  however,  was  not  known  until 
18S7,  when  Hellriegel  and  Wilfarth  '  succeeded  in  demonstrating  that 
the  nitrogen-accumulation  was  directly  related  to  the  root  tubercles  of 
the  plants,  and  to  the  bacteria  contained  within  them. 

These  tubercles,  which  are  extremely  numeroua — as  many  as  a  /jkL,/,— , 
thousand  sometimes  occurring  upon  one  and  the  same  plant — arc  formed 
by  the  infeetion  of  the  roots  with  bacteria  which  probably  enter  through 
the  delicate  root-hairs.  {  They  vary  in  size,  are  usually  situated  near  the 
main  root-stem,  and,  in  appearance,  are  not  unlike  fungus  growths. 
Their  development  is  in  many  respects  comparable  to  the  develop- 
•  ment  of  inflammatorv  granyktinns  in  aniini^la  after  infection,  inas- 
mueh  as  the  formation  of  the  tubercle  is  largely  due  to  a  reactionary 
hyperplasia  of  the  plant  tissues  themselves.  They  appear  upon  the 
seedlings  within  the  fii-st  few  weeks  of  their  growth  as  small  pink 
nodules,  and  enlarge  rapidly  as  the  plant  grows.  At  the  same  time, 
later  in  the  season,  when  the  plants  bear  fruit,  the  root  tubercles  begin 
to  shrink  and  crack.  When  the  crops  are  harvested,  the  tubercles  with 
the  root  remain,  rot  in  the  ground,  and  re-infect  the  soil. 

Histologically  the  tubercles  are  sticn  to  consist  of  lar^  root  cells 
which  are  densely  crowded  with  microorgamsms. )  "  F^)iafi**> 

The  microorganism  itself,  "Bacillus  radicicola."  was-  first  observed  /3«t//wa. 
within  the  tubercles  by  Woronin  '  in  18136.  The  bacilli  are  large,  slender, 
and  actively  motile  during  the  early  development  of  the  tubercles,  but 
in  the  later  stages  assume  a  number  of  characteristic  involution  forms, 
commonly  spoken  of  as  "  hactcroids^"  They  become  swollen,  T  and  Y 
shaped,  or  branching  and  thn^adlike.  Their  isolation  from  the  root 
tubercles  usually  presents  little  difficulty,  since  they  grow  readily  upon 
gelatin  and  agar  under  strictly  aerobic  conditions.  On  the  artificial 
media  the  baciliary  form  is  usually  well  retained,  involution  forms 
Spearing  only  upon  old  cultures. 

'  HeUriegd  und  Wilfurik.  Cent.  f.  Bakt.,  I8S7. 
»  Woronin,  Bot.  Z«it.,  xxiv,  1866. 
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The  doBEdcal  experiments  of  Heilriegel  and  Wilfarth  concluaivelf 
demoofltrsted  the  importtuit  relation  of  these  tubercle-bacteria  to  nitro- 
gen assimilation  by  the  leguminoeie. 

These  observers  cultivated  various  members  of  this  group  of  plants 
upon  nitrogen-free  soil — sand — and  prevented  the  formation  of  root 
tubercles  in  some,  by  sterilization  of  the  sand,  while  in  others  they 
encouraged  tubercle  formation  by  inoculation.  An  example  of  their 
results  may  be  given  as  follows: ' 

LupinuB  luteus  was  cultivated  upon  sterilized  sand.  Some  of  the 
pots  were  inoculated  with  B.  radicicota,  others  were  kept  sterile.  Com- 
parative analyses  were  made  of  the  plants  grown  in  the  different  pots 
with  the  following  striking  reuult:  ^  aAUd  '    »eal 

^  Uarvetled  toil,  and  toil-       Gain  or 

„     ,  .  ,       ,  dni  weiM        N.  prtteiU  extract  lou  of  ff. 

Rooituterd«  j{^)^9  ^wT  .022  +.975 

•*"^    t    (b)  33-7W  .981  .023  +.958 

„    .,  , ,  )     (c)     0.989  .018  .020  —.004 

The  great  importance  of  this  process  in  agriculture  is  demonstrated, 
furthermore,  by  a  comparison  made  by  the  same  observers  between  a 
legume,  the  pea,  and  one  of  the  common  nitrogen-consuming  crops,  oats.' 

NitTx>geit  oontenU  Nitrogen  amterOM 

of  m»d  and  toil.  of  crop.  Oain  or  h»t. 

Omt«  0.027  gruns  0.007  gnutis  — .030 

Pew  0.038     "  0.459     "  +  .til 

Exactly  what  the  process  is  by  which  the  bacteria  eupi^y  nitrogen  to 
the  plant  is  as  yet  uncertain.  Although  the  degenerating  bacteroids  in 
old  nodules  ar^  bodily  absorbed  by  the  plant,  this  can  not  be  con- 
ceived as  the  only  method  of  supply,  since  the  total  nitroj^a  gain  many 
times  exceeds  the  total  weight  of  bacteria  in  the  nodules.  It  is  probable 
that  the  microorganisms  during  hfo  take  up  atmospheric  nitrogen  and 
secrete  a  nitrogenous  substance  which  is  absorbed  by  the  plant  cells. 

Although  formcriy  the  relationship  between  plant  and  bacterium 
was  regarded  as  one  of  symbiosis  and  of  mutual  benefit,,  the  opinions  as 
to  this  subject  show  wide  divergence.  While,  according  to  some  authors, 
the  entrance  of  the  bacteria  into  the  plants  is  regarded  as  a  true  in- 
fection against  which  the  plant  offers  at  first  a  determined  opposition  as 
evidenced  by  tissue  reactions,  other  observers,  notably  A.  Fischer,  regard 

*  P/effer,  "  Flunzenphyiriulogie,"  LoitiEig,  IS97. 

>  H^lriegtl  und  Wi^arlh,  Zeit.  d.  Vcr.  f.  d.  RubeoEUcker  Industrie,  18SS.  Quoted 
from  Fiicher, "  Vorlea.  Uber  die  Bakt.,"  Jeoa,  1903. 
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the  plant  aa  a  parasite  upon  the  bacteria,  in  that  it  derives  the  sole 
benefit  from  the  relationship  and  eventually  bodily  consumes  its  host. 
HitiUyliig  Btetaila.. — A  process  diametrically  opposed  in  its  chem- 
istry to  denitrification  and  reduction  b  that  which  brings  about  an 
oxidation  of  ammonia  to  nitrites  and  nitrates.  The  actual  increase 
of  nitrates  in  soil  allowed  to  stand  for  any  length  of  time  and  examined 
from  time  to  time  has  been  a  well-established  fact  for  many  years;  but 
it  was  believed  until  a  comparatively  short  time  ago  that  this  increase 
was  due  to  a  simple  chemical  oxidation  of  ammonia  by  atmospheric  oxy- 
gen. The  dependence  of  nitrification  upon  the  presence  of  living  organ- 
isms was  finally  proved  by  Muntz  and  Schlossing  *  in  1887,  who  demon- 
strated  that  nitrification  was  abruptly  stopped  when  the  soil  was 
sterilized  by  heat  or  antiseptiirs.  It  remained,  however,  to  isolate  and 
identify  the  organisms  which  brought  about  this  ammonia  oxidation. 
ThiB  last  step  in  our  knowledge  of  nitrification  was  taken  in  1890,  by 
Winogradsky.  Winogradsky  '  found  that  the  failures  experienced  by 
others  who  had  attempted  to  isolate  nitrifying  bacteria  were  due  to  the 
fact  that  they  had  used  the  common  culture  media  largely  made  up  of 
organic  substances.  By  using  culture  media  coDtaining  no  organic 
matter  Winogradsky  succeeded  in  isolating  free  from  the  soil,  bacteria 
which  have  since  that  time  been  confirmed  as  being  the  causative  factors 
in  nitrification.  During  his  first  experiments  this  author  observed  that 
in  some  of  his  cultures  the  oxidation  of  ammonia  went  only  as  far  as  the 
stage  of  nitrite  formation,  while  in  others  complete  oxidation  to  nitrates 
took  place.  Following  the  clews  indicated  by  this  discrepancy,  he 
finally  succeeded  in  demonstrating  that  nitrification  is  a  double  process 
in  which  two  entirely  difFerent  varieties  of  microorganisms  take  part, 
the  one  capable  of  oxidi7.ing  ammonia  to  nitrites,  the  other  continuing 
the  process  and  converting  the  nitrites  to  nitrates.  The  nitrite-forming 
bacteria  discovered  by  Winogradsky,  and  named  Nitromonas  or  Nitro- 
somonas,  are  easily  cultivated  upon  aqueous  solutions  containing  am- 
monia, potassium  sulphate,  and  magnesium  carbonate.  According  to 
their  discoverer  they  develop  within  a  week  in  this  medium  as  a  gelat- 
inous sediment.  After  further  growth  this  sediment  seems  to  break 
up  and  the  bacteria  appear  as  oval  bodies,  which  swim  actively  about 
and  develop  flagella  at  one  end.  Upon  the  solid  media  in  ordinary  u% 
they  can  not  be  cultivated.    Special  solid  media  suitable  for  their  cul- 

■  Mualx  und  ScUouing,  Compt.  rend,  de  I'acad.  des  sciences,  18S7. 
•  Winogradtky,  Ana.  Put.  Inst.,  iv  And  v,  1890, 1891. 
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tivation  and  composed  of  silicic  acid  and  inorganic  aaits  have  been 
described  by  WJnogradsky  and  by  OinnlianHky.' 

Other  nitrite-forming  bacteria  have  sinee  I)e<ui  <lesoribed  by  various 
observers,  all  of  them  more  or  loss  limited  to  definite  localities.  Some 
of  these  are  simitar  to  nitrosonionas  in  that  they  exhibit  the  flagellate<i, 
'actively  motile  stage.    In  others  this  stage  is  absent. 

.  The  nitrite -forming  bacteria,  apart  from  their  great  agricultural  im- 
portance, claim  our  attention  because  of  their  unique  position  in  rela- 
tion to  the  animal  and  vegetable  kingdoms.  Extrcimely  sensitive  to 
the  presence  of  organic  compounds,  they  are  able  to  grow  and  develop 
only  upon  media  containing  nothing  but  inorganic  material;  and  this 
entirely  without  the  aid  of  any  substances  comparable  to  the  chlorofihyil 
of  the  green  plants.  The  source  of  enei^'  from  which  this  particular 
class  of  bacteria  tlerive  the  power  of  building  iip  organic  compounds 
from  simple  substances  is  to  some  exfjMit  a  niyst^'rj'.  The  carbon 
which  they  unfjuestionably  retiuiiw  for  the  building  up  of  organic  mate- 
rial may  bo,  as  Winogradsky  bi^lieved,  derived  to  a  certain  extent  from 
ammonium  carbonate.  But  it  i«  also  quite  certain  that  they  are  capable 
of  utilizing  directly  atmospheric  CO;,  In  the  al>sencG  of  chlorophyll 
.or  of  any  highly  oi^anizetl  chemical  compound,  it  seems  likely  that 
the  energy  necessary  for  the  utilization  of  the  carbon  obtained  in  thi.s 
simple  form  is  derived  from  the  oxidation  of  ammonia  during  the  proc- 
ess of  nitrification. 

The  conversion  of  nitrites  into  nitrat<'s  is  carriwl  on  by  other  species 
of  bacteria  aUo  discovered  by  Winograd.'fky.  These  bacteria  are  much 
more  generally  distributed  than  nitrosomonas  and  probably  include  a 
numlier  of  varieties.  The  organism  descrilied  by  Winogradsky  is  an 
extremely  small  bacillus  with  point^'l  en<ls.  Capsules  have  occiisionally 
been  made  out.  It  maj' l»e  cultivate  upon  aqueous  solutions  con- 
taining: 

Sod.  nitrite.  .  , I      per  cent. 

PotasH.  phosphate 05      "       " 

Magnesium  sulph.. . .- 03     "       " 

Sciitium  cariionatc 1       "      " 

Fprrous  sulphnte 04     "       " 

The  devt^lopmcnt  of  the  organism  is  slow  and  sparse,  an<l  i.s  directly 
inhibited  by  the  presence  of  organic  matter.  It  is  strongly  inhibited  by 
the  presence  of  ammonia^ 

Th«  Liberation  of  Ene^y  by  Bacteria. — Like  all  other  living  beings, 
I  Ometianshy.  Cent.  f.  Bakt.,  II,  5.  1899. 
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bacteria  iu  their  metubolic  profie^ws  liberate  energy.  It  ha«  been 
.■ihuwn  by  several  observers  that  flight  qiiantitiea  of  heat  are  given 
off  from  actively  growing  cultures.  The  functions,  furthermore,  of 
rei>RKiui?tion,  motility,  and  cnaymc  formation  may  be  looked  upon  as 
forma  of  energy  liberation.  In  addition  to  this,  certain  bacteria  have 
bcKjn  observed  which  may  liberate  energy  in  the  foim  of  light. 

Li^t  Production  by  Bacteria. — The  production  of  light  by  bacteria 
is  a  power  possessed  chiefly  by  certain  species  inhabiting  salt  water. 
Thus,  much  of  the  phosphorescence  observed  at  sea,  though  more  fre- 
quently  due  to  Medusa  and  other  invcrt«brate  animals,  is  caused  by 
these  bacteria.  Numerous  ,ipe<'ie8  which  produce  this  phenomenon 
have  ExH^n  isolated,  too  many,  and  too  unimportant,  to  Iw  individually 
descrilKjd.  All  of  them  are  aerolms  and  n-quire  highly  complex  food 
tilufTs.  They  arc  clo.scly  allied  to  the  putrefactive  bacteria,  and  in 
the  Hca  are  usually  fouml  ujKin  rotting  animal  matter.'  The  production 
of  light  socnis  direitly  dependent  upon  the  fn-o  a<;ces8  of  oxygen,  since 
uo  light  appears  under  anaerobic  conditions.  Their  luminous  ({uality, 
moreover,  is  not  a  true  pliosphorescence,  in  that 'it  docs  not  depend 
upon  previous  illumination  and  develops  as  well  in  cultures  kept  in  the 
dark  as  in  those  which  have  been  exposed  to  light.' 

The  Formation  of  Figment  by  Bacteria  (CkTomobacleriu) . — A  lat^ 
number  of  bacteria,  when  cultivated  upon  suitable  media,  give  rise  to. 
charactcrititic  colors  which  are  valuable  as  marks  of  differentiation. 
For  each  species,  the  eotor  is  usually  constant,  depending,  to  a  certain 
extent,  upon  the  conditions  of  cultivation.  In  only  a  few  of  "the 
pignientf^l  bacteria  is  the  pigment  contained  withip  the  cell  body,  and 
in  only  one  vanety.  the  snlnhur  bacteria,  docs  the  pigmen'.  appt^ar  to 
hold  any  distinct  n'lationship  to  nutrition!  In  most  cases ,  the  coloring 
matter  is  found  tu  Ih^  <l('positod  in  small  int<;rcellular  graiif.k-H  or  globules. 
The  alwenee  of  any  relationship  of  the  pigment  to  sunlight,  »»  is  the  case 
with  the  chlorophyll  of  the  green  plants,  is  indicated  by  the  fact  that 
most  of  the  chromo bacteria  thrive  and  protluce  pigment  equally  i*ell  in 
the  dark  as  they  do  in  the  presence  of  light.  Among  the  most  common 
of  the  pigment  bai^teria  met  with  in  bacteriological  work  arc  Staphy- 
loeoccus  pyogenes  aureus.  Bacillus  pyocyancns.  Bacillus  prodigioeus. 
an<l  some  of  the  green  fluorescent  bacteria  frequently  found  in  feces. 

The  chemical  nature  of  these  pigments  has  been  investigated  quite 
thoroughly  and  it  has  been  shown  that  they  vary  in  composition. 

'  Pfi&Str'a  Arch,  f,  Phye., »,  IS75.     *  FMier,  Cent,  t  Bakt.,  iii,  1888. 
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8ome  of  the  pigments,  like  that  of  Staphylococcus  aureus,  are  probably 
non-proteid  and  of  a  fatty  nature.'  They  are  insoluble  in  water  but 
soluble  in  alcohol,  ether,  and  chlorofonn.  Because  of  their  probable 
composition,  they  have  been  spoken  of  as  "lipochromes."  Other 
pigments,  like  the  pyocyanin,  which  lends  the  groen  color  to  cultures 
of  Bacillus  pyocyaneuB,  are  water  soluble  and  are  probably  of  proteid 
composition.  Pyocyanin  may  be  crystallized  out  of  aqueous  solu- 
tion in  the  fonn  of  fine  needles.  The  crystals  may  be  redissotved  in 
chloroform.  Aqueous  solutions  retain  their  color.  Solutions  in  chloro- 
form, however,  are  changed  gradually  to  yellow. 

The  power  of  pigment  production  of  various  bacteria  depends  in 
each  caac  upon  cultural  conditions.  In  most  cases,  this  simply  signifies 
that  pigment  is  produced  only  when  the  microorganism,  fiRding  the  most 
favorable  environmental  conditiooB,  is  enabled  to  develop  all  its  func- 
tions to  their  fullest  ext«nt.  Thus,  a  too  high  acidity  or  alk^inity  of 
the  culture  medium  may  inhibit  pigment  formation,  Oxygpn  is  neces- 
sary for  the  production  of  color  in  some  bacteria,  since  the  bacteria  them- 
selves often  produce  the  pigment  only  as  a  leuko-body  which  is  then 
oxydizcd  into  the  pigment  proper.  A  notable  example  of  this  is  the  pig- 
ment of  B.  pyocyaneus.  In  other  cases,  temperature  plays  an  impor- 
tant rd!e  in  influencing  color  production.  Thus,  Bacillus  prodigiosua 
xefuses  to  produce  its  pigment  when  growing  in  the  incubator.  By 
persistent  cultivation  in  an  unfavorable  environment,  colored  cultures 
may  lose  their  power  of  pigment  production. 

flolphnr  Bacteria.-— Wherever  the  decomposition  of  organic  matter 
gives  rise  to  the  formation  of  H,  S.  in  ccas-pools.in  tlitchcs.at  the  bottom 
of  the  sea,  and  in  stagnant  ponds,  there  is  found  a  curiously  interesting 
group  of  microorganisms,  the  so-called  sulphur  or  thiobactcria.  Red, 
purple,  and  colorless,  these  bacteria  all  possess  the  power  ot  utilizing 
sulphuretted  hydrogen -and  by  its  o-\idation  into  free  sulphur  obtain 
the  energy  necessary  for  their  metabolic  processes.  The  colorless  sul- 
phur bacteria,  the  Beggiatoa  and  Thiothrices.  usually  appear  as  threads 
or  chains  which,  in  media  containing  sufRcicnt  H-S,  are  usually  well- 
stocked  with  minute  globules  of  sulphur.  If  found  upon  decomposing 
organic  matter,  they  often  cover  this  as  a  grayish  mold-like  layer. 
The  red  sulphur  bacteria,  of  which  numerous  species  have  been  described 
by  Winogradsky,  may  appear  as  actively  motile  spirilla  (Tjug^unUum) 
or  as  short,  thick  bacillary  forms'. 

^SOroeUr,  Cent.  f.  Bakt.,  xviii,  1S05. 
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The  physiology  of  all  the  sulphur  bacteria,  and  eepecially  oi  the 
colored  varieties,  is  of  the  greatest  interest  in  that  these  microorganiems 
are  among  the  few  members  of  the  bacterial  group  which  behave  meta- 
bolically  like  the  green  plants.  The  higher  organic  substances  play  iit- 
tle  or  no  part  in  the  nutrition  of  these  microorganisms.  Strictly  aerobic. 
'  the  coloriess  thiobacteria  are  independent  of  sunlight,  while  the  red  and 
purple  varieties  exhibit  their  physiological  dependence  upon  h'^t  by 
accumulating  under  natural  conditions  in  w^l-li^ted  spots.  Both 
varieties  possess  equally  the  power  of  oxidizing  sulphuretted  hydrogen 
as  a  source  of  energy.  The  sulphur  is  then  stored  as  elemental  sulphur 
within  the  bacterial  body  and  when  a  lack  of  food  stuffs  sets  in,  the 
store  of  sulphur  can  be  further  oxidized  into  sulphurous  or  sulphuric 
anhydrides.  With  this  sole  source  of  energy,  these  bacteria  are  capable 
(A  flourishing  aerobically,  while  an  absence  of  H^,  even  in  the  presence 
of  organic  food  stuffs,  leads  to  a  rapid  disappearance  of  their  sulphur 
contents  and  an  inability  to  develop. 

In  the  case  of  the  colored  thiobacteria,  the  red  pigment  appears  to 
fulfil,  to  some  extent,  a  function  comparable  to  that  of  the  chlorophyll 
of  the  green  plants. 

Engelmann,'  who  has  studied  this  pigment  spectroscopically,  has 
found  that  besides  absorbing  the  red  spectral  rays  there  is  an  absorption 
of  rays  on  the  ultra-red  end  of  the  spectrum.  The  absorption  of  the 
red  rays  between  the  lines  B  and  C  of  the  spectrum,  and  of  violet  rays 
at  the  line  F,  is  the  same  as  that  of  the  absorption  spectrum  of 
chlorophyll,  and  it  is  in  the  zone  of  these  rays  that  the  physiological 
^'fTects  of  chlorophyll  are  most  artiye.  In  addition  to  these  absorp- 
tion bands,  the  bacteriopurpurin  of  the  red  sulphurbacteria  shows 
absorption  of  the  invisible  ultra  red  rays  of  the  spectrum. 

Engelmann,  with  a  microspectroscope,  projected  a  spectrum  into 
&  miscroBcopic  field  in  which  green  algte  or,  in  the  case  under  discussion, 
red  sulphurbacteria  had  been  placed.  Other  purees  of  light  were, of 
course,  excludetl.  By  adding  emulsions  of  strictly  aerobic  bacteria  to 
mich  preparations,  an  accumulation  of  microorganisms  was  observed 
at  those  points  in  the  spectrum  at  which  most  oxygen  was  liberated.  In 
the  case  both  of  chlorophyll  and  of  the  red  sulphur  bacteria  such  areas 
of  bacterial  accumulation  (in  oxygen  liberation)  occurred  in  the  zones 
of  the  absorption  bands  mentioned  above. 


■  Ettgamann,  Bot.  Zei't.,  IS8S. 
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CHAPTER  V 

THE  DESTRUCTION   OP  BACTERIA 

OBHXBAL   C0N8ZDEBATI0N8 

No  branch  of  bacteriology  has  been  more  fruitful  in  practical  appli- 
cation than  that  which  deals  with  the  factors  which  bring  about  the 
destruction  of  microorganisms.  Upon  the  study  of  this  branch  has 
depended  the  growth  and  the  tlcvclopment  of  modem  auruerv. 

The  agents  which  affe<^t  bacteria  iiijurioiwly  hk  many,  and  arc  both 
physical  au<l  chemicral  in  nature. 

When  a  pm^-filiim  nuinpli'telv  dowtroya  hftptjirial  h'fe  it  is  spoken  of  as 
sterilization  or  tlisinfj-ptjnn  the  term  disinfecj.ion  Uiing  employed  more 
especially  to  designate;  the  use  of  cheinical/aeents .  When  the  proredure 
destroys  veyet^jve  forma  only,  leaving  the  more  resistant  spores  un- 
injured, it  is  spoken  of  as  "  incominlcte  fiterilization."  When  an  agent, 
on  t)ie  other  hand,  docH  not  actually  kill  the  microorganisms,  but  mcr^-Iy 
inhibits  their  growth  and  multiulication.  it  is  spoken  of  as  an  antiaeptir. 
The  term  dt^orant  is  indLscriniinately  applied  to  substances  which 
jmisk  or  destroy  offensive  odors,  and  may  or  may  not  possess  disinfectant 
or  antiseptic  value,  Stmie  deodovarits  act  chemieally  on  the  noxious 
gases,  destroying  them, 

PHYSICAL   AGENTS   INJURIOUS   TO   BACTERIA 

The  principal  vhimcnl  iiaents  which  may  exert  deleterious  action 
upon  bacteria  are:  drj'ing.  light,  electricity,  and  heat. 
■  Drying.— <'ompIet(;  desiccation  eventually  destroys  moat  of  the  path- 
ogenic bacteria,  yet  great  differences  in  re.sistance  to  this  condition  arc 
shown  by  various  mierooi-ganisms.  Ficker,'  who  has  made  a  systematic 
study  of  the'influenee  of  complete  drj-ing  upon  bacteria,  concludes  that 
the  rcsistan<re  of  bacteria  to  desiccation  is  influenced  by  the  age  of  the 
culture  investigated,  the  rapidity  with  which  the  withdrawal  of  moisture 

^Picker,  Zcit.  f.  Kyg.,  xxix,  189B. 
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is  accomplished,  and  the  temperature  at  which  the  process  takes  place. 
Microorganisme  like  the  goaococcus  and  the  Pfeiffer  bacillus,'  ai^ 
destroyed  by  drying  within  a  few  hourg.  The  cholera  YJbrio  dried  upon  a 
coverslip  was  found  b}'  Koch  '  to  be  killed  within  four  hours;  by  Byrck- 
holtz,'  to  survive  about  twenty-four  hours.  The  spore-forms  of  bacteria 
are  infinitely  more  resistant  to  this  influence  than  are  the  vegetative 
forms,  though  they  may  be  destroyed  by  rapid  and  complete  <irying  in 
a  desiccator. 

It  is  self-evident  that  many  discrepancies  in  the  experimental 
results  of  various  authors  may  depend  upon  the  technique  of  investiga- 
tion, since  the  degree  of  drying  attained  depends  intimately  upon  the 
thickness  and  consistence  of  the  material  investigated,  and  upon  the 
methods  employed  for  desiccation.  : 

lAght. — Direct  sunlight  is  a  powerful  germicide  for  all  bacteria  except 
a  limited  niimber  of  species  like  the  thio-  or  sulphur  bacteria,  which 
utilize  sunlight  for  their  metabolic  processes  as  do  the  green  plants, 

Koch '  has  shown  that  exposure  to  sunlight  will  destroy  the  tuliercle 
bacillus  within  two  hours  or  less,  the  time  depending  upon  the  tbich- 
ness  of  the  exposed  layers  and  the  material  surrounding  the  bacilli. 
Confirmatory  researches  have  been  published  by  Mignesco '  and  others. 
The  powerful  disinfecting  influence  of  sunlight  upon  bacteria  suspended 
in  water  has  been  shown  by  Buchner,*  Observations  in  regard  to  the 
influence  of  sunlight  upon  anthrax  aporea  have  been  made  by  Arloing,' 
and  similar  observations  upon  a  number  of  other  microorganisms  have 
been  carried  out  by  Dieudoim^,  Janowski,  v,  Eamarch,  and  many 
others.  All  these  observers,  while  dilTering  somewhat  as  to  the  time 
necessary  for  bacterial  deatniction,  agree  in  finding  definite  and  pow- 
erful bactericidal  action  of  sunlight.  Diffuse  light,  of  course,  is  less 
active  than  direct  sunlight.  According  to  Buchner,  typhoid  bacilli  are 
inhibited  by  direct  sunlight  in  one  and  one-half  hours,  by  diffuse  light 
in  five  hours.  A  remarkable  statement  ia  made  by  Arloing,  who  claims 
to  have  found  that  anthrax  spores  are  more  quickly  destroyed  by 
direct  sunlight  than  are  the  vegetative  cells.  This  fact  would  call  for 
further  confirmation. 

1  Kodt,  Arb.  a.  d.  kais.  GeHimdheitsamt,  i[i,  1887. 

'BwkhoUi,  Arb.  a.  d.  kais.  Oesundheitsitiiit,  v,  1889. 

"  Koch,  X  Intemat.  Med.  Congress,  Berlin,  1890. 

'  MigneMo,  Arch.  f.  Hyg.,  xxv,  1896. 

'  Buchner,  Cent.  f.  Bakt.,  I,  xi,  1892. 

•  Arloing,  Ccmipt.  rend,  de  I'acad.'d.  aci,,  c,  I8S5. 
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It  has  been  shown  by  various  authora  that  the  infiuence  of  sunlight  is 
not  to  be  attributed  in  anyway  to  temperature,  nor  always  to  a  direct 
action  of  the  light  upon  the  bacteria,  but  depends  largely  upon  photo- 
chemical changes  produced  by  the  light  rays  in  the  media.  Richardson  ' 
and  Dieudonn^  '  conclude  that  under  ordinary  a«robic  conditions  in  fluid 
environment  peroxide  of  hydrt^n  b  formod  under  the  influence  of  light. 
Novy  and  Freer '  believe  that  the  bactericidal  effects  in  fluids  noticed 
as  a  result  of  exposure  to  light  are  too  strong  to  be  explained  by  the 
formation  of  small  quantities  of  peroxide  of  hydrogen,  and  attribute 
this  action  to  organic  peroxides  formed  under  the  described  conditions, 
such  as  the  peroxides  of  diacetyl,  benzoylacetyl,  and  others.  These 
views  are  somewhat  strengthened  by  the  fact  that  exclusion  of  oxygen 
from  media  markedly  diminishes  the  bactericidal  power  of  light.*  That 
the  photochemical  rhangcs  alone,  however,  do  not  explain  this  action 
follows  from  the  fact  that  dried  bacteria,  not  surrounded  by  media,  are 
subject  to  a  similar  action.' 

In  analyzing  sunlight  in  regard  tfi  ita  hact^priridftl  pnwpr,  it,  h«a  htvn 
found  by  variouH  ohaf  rvpra  that,  l\^(^  p[oat  powerful  action  is  exerted  by 
the  ultraviolet  spectral  ravs.  whereaa  the  yellow,  red,  and  ultra-red  rays 
are  practically  innocuous.* 

It  is  of  importance  to  note  that  sunlight  has  been  found  also  to  have 
a  strong  attenuating  influence '  upon  some  bacterial  poisons,  as  shown 
by  the  experiments  of  Fern  and  Celli  upon  tetanus  toxin. 

Electric  light  exerts  a  distinct  bactericidal  action  whnn  applied  in 
Htrengths  of  800  to  90<)  candle  power  for  seven  or  eight  houra." 

Rontgen  or  x-rays  are  said  by  Zeit,'  Blaise  '''  and  Sambac,  and  othem 
to  be  without  appreciable  germicidal  power,  Rieder,"  on  the  other 
hand,  has  reported  definite  inhibition  of  bacterial  growth  after  exposures 
of  half  an  hour  to  x-rays. 


I  Kidiardmn,  Jour,  ('hpiii.  Soc,,  i,  1K»:{,  R4>f,  rViit.  chem.  npaells.,  xxvi. 

"  l>ieudontu',  loc.  cit. 

>  Navy  &nd  Freer,  3d  Ann.  Meetin);  Assn.  Amer.  Bacteriologists,  Chicago,  1901. 

•  Rmtx,  Ann.  Inst.  Past.,  ix,  1887. 

■  Ditudonni,  loc.  dt. 

•  Ward,  Proc.  Royal  See.,  52,  1893. 

'  Fern  and  CeUt,  Cent,  f.  Bakt.,  I,  xii,  1892. 

■  Dieudannf,  loc.  cit. 

•  Zeil,  Jour.  Amer.  Med.  Assn.,  icxxvii,  1901. 

»  Blaiae  and  Sambof,  Oompt.  rend.  <lc  la  soc.  de  biol.,  1890. 
i>  Rieda-,  MUnch.  med.  Woch..'  1898. 
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Radium  rava  have  a  diotinct  inhibitory  and  eveq  bwtericjtlal 
,,-ower  when  appUed  at  distances  of  a  few  centimeters  for  several 
hours.' 

Bectrid^. — If  we  exclude  the  indirect  actions  of  heat  and  electro-  "-""'"^^(--^ 
lyais,  it  can  hardly  be  said  that  the  direct  bactericidal  action  of  electric 
rurrents  has  been  satisfactorily  detnonstrated.    Such  action,  however, 
has  been  claimed  by  d'Arsonville  and  Charria,*  and  by  Spilker  and 
Gottetein.*  ' 

Heat.— The  nyst  widelv  applitinhla  and  ftffiiiient  phvaical  uff.ni.  for     '^»  ' 
steriliEation  is  heat. 

The  dependence  of  bacteria  for  growth  and  vitaUty  upon  the  main- 
tenance of  a  proper  temperature  in  tbeir  environment,  and  the  ranges 
of  variation  within  which  bacteria  may  thrive,  have  been  discussed  in  a 
pmrcding  section,  in  which  a  table  of  so-called  "  thcmial  death  points  " 
lia.s  been  given.  In  the  method  of  oxprcusiug  these  values  it  was  seen 
that  two  elements  entered  into  the  destruction  of  bacteria  by  heat, 
iianicly,  that  of  the  degree  of  temperature  wbich  is  applied,  and  thHt  of 
tbe  time  of  apphcation. 

Thi;  prolonged  application  of  moderately  high  temperatures,  in  other 
words,  may  in  certain  instanees,  accomplish  the  same  result  as  the  brief 
iise  of  extremely  high  ones.  In  general,  the  death  of  bacteria  following 
prolonged  exposure  to  temperatures  but  slightly  exceeding  the  optimum 
ij  due  bo  the  inability  of  the  anabolic  processes  to  keep  pace  with  the 
accelerated  kataboUc  processes,  gradual  attenuation  resulting  in  death. 
At  somewhat  higher  temperatures  death  results  from  coagulation  -  of 
the  bacterial  protoplasm,  and  at  still  higher  degrees  of  heat,  apphed  in 
the  dry  form,  direct  burning  of  the  bacteria  may  be  the  cause  of  their 
destruction. 

Heat  may  he  applied  in  the  form  of  dry  heat  or  as  moist  heat,  these 
methods  beutg  of  great  prat^ical  value,  but  differently  applicable  ac- 
t-Jitling  t-o  the  nature  of  the  materials  to  be  sterilited.  The  two  metliods, 
moreover,  show  a  marked  difference  in  efficiency,  temperature  for  tero- 
j)erature.  For  the  recognition  of  this  fact  we  are  largely  indebted  to  the 
early  researehcs  of  Koch  and  WoUThiigcl,*  and  of  Koch,  Gaffky,  and 
Loefiler.* 

'  Personal  obaervatiuna. 

'  D'Artonvilk  and  Charrin,  Compt.  rend,  de  lu  80C.  de  biol. 

'  SpOkernadGotttlan.  Cent.  f.Bakt..  1.9,    ISOl. 

•  Koch  imd  Wolffhiigtl,  Hitt.  a.  d.  kai?,  Gesundbeitswnt,  1,  1882, 

'  Kock,  Gaffky  and  Loeffler,  ibid. 
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These  observers  were  able  to  show  that  the  spores  of  anthrax  were 
destroyed  by  boiling  water  at  100°  C.  in  from  one  to  twelve  minutes. 
whereas  dry  hot  air  was  efficient  only  nft^r  three  hours'  exposure  to 
i40°  0. 1  Kxtensive  eonhrmation  of  these  differences  has  been  brought 
by  many  workers.  An  explanation  of  the  phenomena  observed 
b  probably  to  bo  found  in  the  changes  in  the  coagulability  of 
proteids  brought  about  in  them  by  the  abstraction  of  water. 
'Lewith,'  working  with  various  protcids.  found  that  these  sub- 
stances are  coagula*ctl  by  heat  at  lower  temperatures  when  thej 
contain  abundant  quantities  of  water,  than  when  water  has  been 
abstracted  from  them  On  the  basis  of  actual  experiment  with  egg 
albumin  he  obtained  the  following  results,'  which  illustrate  the  pomt 
in  question: 

Ekk  alhuniin  in  dilute  a<|U(x>us  Holulion,  coaguUled  at  56°  C. 
"  "         with  M  l)er  cent  H-ater,  "  "  74-80°  O. 

■'     18   *■       ■'  ■■  "  •'  80-90°  C. 

"       C   '■       ■■  '■  "  "   145°  C. 


Absolutely  anhydrous  albumin,  according  to  Haas,*  may  be  heated 
to  170"  C.  without  coagulation.  It  is  thus  clear  that  bacteria  exposed 
to  hot  air  may  be  considerably  dehydrated  before  the  temperature  rises 
sufficiently  to  cause  death  by  coagulation,  complete  dehydration  nects- 
sitating  their  de.struction  possibly  by  actual  burning. 

Bacteria  exposed  to  moist  air  or  steam,  on  the  other  hand,  may  ab- 
sorb water  and  become  proportionately  more  coagulable. 

The  same  principle,  as  T/!with  points  out,  probably  explains  the  great 
resistance  to  hoat  observed  in  the  case  of  the  highly  concentrated  pro- 
toplasm of  spores. 

Apart  from  the  actually  greater  cfiiriency  of  moist  heat  when  com- 
pared with  dry  heat  of  an  equal  ti^mp*?raturc,  an  advantage  of  great 
practical  significance  possessed  by  moist  heat  lies  in  its  greater  poweinof 
penetration.  An  experiment  carried  out  by  Koch  and  his  as-sociat^s 
illustrat<'s  this  point  clearly.  Small  packages  of  gaitien  soil  wen^  sur- 
rounded by  varying  thicknesses  of  Hnen  with  therm(micters  so  plac«l 
that  the  temperature  under  a  definite  number  of  layers  could  be  dcter- 

'  Leunth.  Arch.  f.  exp.  Path.  u.  Pharra.,  xivi,  1890. 

'Lnvilh,  loc.  eit,,  p,  351. 

ijiaas,  Prag.  med.  Wo^sh.,  a4-36, 1875. 
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mined.     Exposures  to  hot  air  and  to  steam  were  then  made  for  com- 
parison, and  the  results  were  as  tabulated:' 


4  hourB. 
3  hours. 


Complete 
steriliza- 
tion. 


This  great  penetrating  power  of  steam  is  due  presumably  to  its  com- 
paratively low  specific  gravity  which  enables  it  to  displace  air  from  the 
interior  of  porous  materials,  and  also  to  the  fact  that  as  the  steam  comes 
in  contact  with  the  objects  to  be  dwinfected  a  condensation  takes  place 
with  the  consequent  liberation  of  heat.  When  a  vapor  passes  into  the 
liquid  state  it  gives  out  a  definite  amount  of  heat,  which  in  the  case  of 
water  vapor,  at  100°  C,  amounts  to  about  537  calories.  This  brings 
about  a  rapid  heating  of  the  object  in  question.  Following  this 
process  the  further  heating  takes  place  by  conduction,  and  it  is,  of 
course,  well  known  that  steam  is  a  much  better  heat  conductor  than  air." 

Moist  heat  may  be  applied  as  boiling  water,  in  which,  of  course, 
the  temperature  varies  little  from  100°  C,  or  as  steam.  Steam  may  be 
used  as  live,  flowing  steam,  without  pressure,  the  temperature  of  which  is 
more  or  leas  constant  at  100°  C,  or  still  higher  efficiency  maj'  be  attained 
hy  the  use  of  steam  under  pressure,  in  which,  of  course,  temperatures 
far  exceeding  100°  G.  may  be  produced,  according  to  the  amount  of 
pressure  which  is  used. 

The  spores  of  certain  bacteria  of  the  soil  which  can  not  be  killed  in 
live  steam  in  less  than  several  hours  may  be  destroyed  in  a  few  minutes, 
or  even  instantaneously,  in  compressed  steam  at  temj>e rat u res  ranging 
from  120°  to  140°  C* 

In  all  methods  of  steam  sterilization,  it  is  of  great  practical  impor- 

'  Koch,  Oaffky  und  Loe^ler,  \oe.  cit.,  p.  339. 
'  Oniber,  Cent.  f.  Bakt.,  iii,  1888. 
'ChriiOm,  Ref.  Cent.  f.  Bakt.,  V.  xiii,  1893. 
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tance,  as  v.  Eamarch  '  has  pointed  out,  that  the  steam  shall  be  saturated, 
that  is,  shall  contain  as  much  vaporized  water  as  its  temperature  per- 
mits. Unsaturated,  or  so-called  "  super-heatod  steam  "  is  forme<I  when 
heat  in  applied  to  steam,  either  by  passage  through  heated  piping  or  owr 
heated  metal  plates.  In  such  cases  the  temperature  of  the  steam  b 
raised,  but  no  further  water-vapor  being  supplied,  the  Htoam  exerts 
less  pressure  and  contains  leas  water  in  proportion  to  its  volume  than 
saturated  steam  of  an  equal  temperature.  The  super-heated  steam, 
therefore,  is  heated  considerably  over  its  condensation  temperature  and 
becomes  literally  dried.  In  consequence,  its  action  is  more  comparable 
to  hot  air  than  to  saturated  steam,  and  up  to  a  certain  temperature  its 
disinfecting  power  is  actually  less  than  that  of  live  steam  at  100°  C. 
V.  Esmarch,  who  has  made  a  thorough  study  of  these  conditions,  con- 
cludes that  up  to  125°  C,  the  efficiency  of  superheated  steam  is  lower 
than  that  of  live  steam  at  100°  C.  Above  this  temperature,  of  course, 
it  is  again  active  as  in  the  c&iv  of  ordinary  dr}'  heat.  _ 

Practtical  Methods  of  Heat  Sterilization. — Bumifig. — For  ob- 
jects without  value,  a(^tual  burning  in  a  furnace  is  a  certain  an<l  easily 
applicable  method  of  sterilization.  Flaming,  by  passage  through  ii 
Bunsen  or  an  alcohol  flame,  is  the  method  in  use  for  the  sterilization  of 
platinum  needles,  coverslips,  or  other  small  objects  which  are  used  in 
handling  bacteria  in  the  laboratory. 

Hot  air-  sterilization  is  carried  out  in  the  so-called  "  hot  air  chambers," 
simple  devices  of  varied  constniction.  The  apparatus  most  commonly 
used  (Fig.  8)  consists  of  a  sheet-iron,  double-walled  chamber,  the 
joints  of  which,  instead  of  being  soldered,  aix*  cloae<l  by  rivets.  The  inner 
case  of  this  chaml>cr  is  entirely  closeil  except  for  an  opening  in  the  top 
through  which  a  thermometer  may  be  introduced,  while  the  outer  has  a 
large  opening  at  the  bottom  and  two  smaller  ones  at  the  top.  A  gas- 
burner  Is  adjusted  under  this  so  as  to  play  directly  upon  the  bottom  of 
the  inner  case.  A  thermometer  is  fitted  in  the  top  in  such  a  way  that  it 
penetrates  into  the  inner  chamber.  The  air  in  the  chamber  is  heated 
directly  by  the  flame  and  by  the  hot  air,  which,  rising  from  the  flame, 
courses  upward  within  the  jacket  between  the  two  cases  and  escapes  at 
the  top.  To  insure  absolute  sterilization  of  objects  in  such  a  chamber, 
the  temperature  should  be  kept  between  MO"  and  160°  C.  for  at  least  an 
hour.  In  sterilising  combustible  articles  in  such  a  chamber,  it  should  be 
remembered  that  cotton  is  browned  at  a  temperature  of  200°  C,  and 

'  V.  Etmarck.  Zeit.  f.  Hyp,,  i"v    1888. 
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ove.r.  This  method  is  used  in  laboratories  for  the  sterilization  of  Petri 
dishes,  flasks,  test  tubes,  and  pipettes,  and  for  articles  which  may  be  in- 
jured by  moisture.  Both  heating  and  subsequent  cooling  should  be  done 
gradually  to  avoid  cracking  of  the  glassware. 

Moist  Heat. — Instruments,  syringes,  and  other  suitable  objects  may 
be  sterilized  by  boiling  in  water.  Boiling  for  about  five  minutes  is  amply 
sufficient  to  destroy  the  vegetative  forms  of  all  bacteria.  For  the  de- 
BtnictioD  of  spores,  boiling  for  one  or  two  houra  is  usually  sufficient, 
thou|^  the  spores  of  certain  saprophytes  of  the  soil  have  been  found 


Fig.  S. — Hot  Air  Steriuier. 

occasionally  to  withstand  tuoL-st  heat  at  a  temperature  of  100°  C.  for 
M  long  as  sixteen  hours.'  The  addition  of  I  per  cent  of  sodium  car- 
bonate to  boiling  water  hastens  the  ilentruction  of  spores  and  prevents 
the  rusting  of  metal  objects  sterilizcil  in  this  way.  The  addition  of  car- 
bolic acid  to  boiling  water  in  from  2  to  5  per  cent  usually  insures  the 
destruction  of  anthrax  spores,  at  least,  within  ten  to  fifteen  minutes. 

Exposure  to  live  steam  is  probably  the  most  practical  of  the  methods 
of  heat  sterilization.  It  may  be  carried  out  by  simple  makeshifts  of , 
the  kitchen,  such  as  the  use  of  putato-steamers  or  of  wash-boilers.    For 

■  Chritien,  luc.  cit. 
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faboratory  purposes,  the  originel  steaming  device  introduced  by  Koch 

has  been  almost  completely  displaced  by  devices  constructed  on  the 

plan  of  the  so-called  "  Arnold  "  sterilizer  (Fig.  9).     In  such  aa  appara^ 

tu9,  water  is   poured  into  the  reservoir  A  and  flows  from  there  into 

the  shallow  receptacle  B,  fonned  by  the  double  bottom.     The  flame 

underneath  rapidly  vaporizcB  the  thin  layer  of  water  contained  in  B, 

and  the  steam  rises  rapidly,  coursing  through  the  main  chamber  C. 

Steam  which  escapes  through  the  joints  of  the  lid  of  this  chamber  is 

condensed  under  the  hood  and  drops  back  into  the  reservoir.    Exposure 

to  steam  in  such  an  apparatus  for  fifteen 

to  thirty  minutes  insures  the  death   of 

the  vegetative  forms  of  bacteria. 

In  the  sterilization  of  media  by  such 
a  device,  the  methoil  of  fractional  slerili- 
aniion  at  100°  C.  is  employed.  The  prin- 
ciple of  this  method  depends  upon 
repeated  exposure  of  the  media  for  fif- 
teen minutes  to  one-half  hour  on  three 
succeeding  days.  By  the  first  exposure 
all  vegetative  forms  are  destroyctl.  The 
media  may  then  be  left  at  room  tem- 
perature, or  at  incubator  temperature 
(37.5°  C.)  until  the  following  day,  when 
any  spores  which  may  be  present  will 
have  developed  into  the  vegetative  stage. 
Theae  are  then  killed  by  the  second  ex- 
posure. A  repetition  of  this  procedure 
on  a  third  day  insures  sterility.  It  must 
Fio.  ^.—Arnold  Stekiuibh.  always  bc  remembered,  however,  that 
this  method  is  applJc^able  only  io  cases 
in  which  the  substance  to  l»e  sterilized  is  a  favorable  medium  for 
bacterial  growth  in  which  it  is  likely  that  spores  will  develop  into  vege- 
tative forms. 

Exceptionally  the  method  may  fail  even  in  favorable  media  when 
anaerobic  spore-forming  bacteria  are  present.  Thus,  it  has  been  ob- 
served that  anaerobic  spores,  failmg  to  develop  under  the  aerobic  con- 
ditions prevailing  during  the  intervals  of  fractional  sterilization,  have 
<ievcloped  after  inoculation  of  the  m«!  Jia  with  other  bacteria,  when  sym- 
biasis  had  made  their  growth  pos.sible.  Tetaims  bacilli  have,  in  this  way, 
occurred  in  cultures  of  diphtheria  bacilli  employed  for  toxin  production. 
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In  noting  the  time  of  an  exposure  in  an  Araold  sterilizer,  it  is 
important  to  time  the  process  from  the  time  when  the  temperature 
has  reached  100°  C,  and  not  from  the  time  of  lighting  the  flame. 

The  principle  of  fractional  sterilization  at  low  temperatures  is  ap- 
plied also  to  tlie  sterilization  of  substances  which  can  not  be  sub- 
jected to  temperatures  as  high  as  100°  C.  This  is  especially  the  ease 
m  the  sterilization  of  media  containing  albuminous  materials,  when 
c«agulation  is  to  be  avoided,  or  when  both  coagulation  of  the  medium 
and  sterilization  are  desired. 

In  such  cases  fractional  sterilization  may  be  practiced  in  simply  con- 
structed sterilizers,  such  as  a  Koch  inspissator  or,  in  the  case  of  fluids, 
such  aa  blood  serum,  by  immersion  in  a  water-bath  at  a  temperature 


Fio.  10, — Low  Tbupbiiaturb  Sterilizbk  (Inspissator). 

varying  above  55°  C,  according  to  circumstances.  Exposures  at  such 
low  temperatures  may  be  repeated  on  five  or  six  consecutive  days,  usu- 
ally for  an  hour  each  day. 

The  use  of  ataim  under  pressure  is  the  most  powerful  method  of  heat- 
disinfection  which  we  possess.  It  is  applicable  to  the  sterilization  of 
tomites,  clothing,  or  any  object*  of  a  size  suitable  to  be  contained  in  the 
apparatus  at  hand,  and  which  are  not  injured  by  moisture.  In  labora- 
tories this  method  is  employed  for  the  sterilization  of  infected  appar 
ratUB,  such  as  flasks,  test  tubes,  Petri  plates,  etc.,  containing  cultures. 
The  device  most  commonly  used  in  laboratories  is  the  so-called  auto- 
clave, of  which  a  variety  of  models  may  be  obtained,  both  stationary 
and  portable.    The  principle  governing  the  construction  of  all  of  these 
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is  the  same.  The  apparatus  usually  conmsts  of  a  gun-metal  cylindei 
supplied  with  a  lid,  which  can  be  tigjitly  closed  by  screws  or  nuts, 
and  supplied  with  a  thermometer,  a  safety-valve,  and  a  steam  pressuie 
gauge.  In  the  simpler  autoclaves,  water  may  be  directly  filled  into 
the  lower  part  of  the  cylinder,  and  the  objects  to  be  steriliied  supported 
upon  a  perforated  diaphragm.  In  this 
case  the  heat  is  direclly  applied  by  meana 
of  a  gas  flame.  Id  the  more  elaborate 
stationary  devices,  steam  may  be  let  in 
by  piping  it  from  the  regular  supply  used 
for  heating  purposes.  Exposure  to  steam 
under  fifteen  pounds  pressure  (fifteen  in 
addition  to  the  usual  atmospheric  pleas- 
ure of  fifteen  pounds  to  the  square  inch) 
for  fifteen  to  twenty  minutes,  is  sufficient 
to  kill  all  forms  of  bacterial  life,  including 
spores. 

In  appljing  autoclave  steriliiation 
practically,  attention  must  be  paid  t« 
certain  technical  details,  neglect  of  which 
would  leault  in  failure  of  Bterilisatton.  It 
is  necessary  alwa)'s  to  permit  idl  air  to 
escape  from  the  autoclave  before  closing 
the  vent.  If  this  is  not  done,  a  poorly 
conducting  air-jacket  may  be  left  about 
the  objects  to  be  sterilixed,  and  these 
may  not  be  heated  to  the  temperature 
indicatetl  by  the  prtwure.  It  is  also  nec- 
essary to  allow  the  reduction  of  pressure, 
after  sterilization,  to  take  place  slowly. 
Fmj.  II.— ArToiLAVB.  Any  sudden    n-Iief  of    pressure,    such    as 

would  be  produced  by  opening  the  air- 
vent  while  the  pressure  gauge  is  still  above  isoro,  will  usually  result  in 
a  sudden  ebullition  of  fluid  and  a  removal  of  stoppers  from  flasks. 

The  temperature  attained  by  the  application  of  various  degrees  of 
pressure  la  expressed  in  the  following  table: 


Lba.  Prestture  Temperature 

1  102.3° 

2 104.2 

3 105.7 

4  107.3 


Lbs.  Pressure  Temperature 

6 10&.8* 

6 110.3 

7 111.7 

8 113 
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Uba.  Preaaure 

Temperatu 

2S 

30 

i;!3. 1 

134.6 

10 115.6 

II 116.8 

12 il8 

13  ..■ llfl.l 

14 120.2 

15 121.3 

16 12S.4 


GHUflOAL    AaXKTS    DrjOBIOnS    TO    BACTERIA 

Since  the  time  of  Kofh's  '  fundamrnt^  researches  upon  ehemical 
disinfectants,  the  known  npmber  of  these  substances  has  been  enor- 
mously increased,  and  now  embraces  chemical  agents  of  the  most  varied 
ranatitution.  It  is  thus  manifestly  impossible  to  refer  the  injurious  in- 
fluence which  these  substances  exert  upon  bacteria  to  any  uniform  law  of 
artion.  The  efficiency  of  a  disinfecting  agent,  furthermore,  is  not  alone 
ilependeot  upon  the  nature  and  concentrations  of  the  substance  itself,  but 
ctnpcnds  complexly  upon  the  nature  of  the  solvent  in  which  it  is  employed, 
the  temperature  prevailing  during  its  application,  the  numbers  and  bio- 
It^cal  characteristics  of  the  bacteria  in  question,  and  the  time  of.  ex- 
posure. All  these  factors,  therefore,  must  be  considered  in  testing  the 
efficiency  of  any  given  di-sinfcctant.  While  it  is  true,  furthermore, 
that  all  substances  which  in  a  giveji  concentration  exert  bactericidal  or 
dLsinfoeting  action  upon  a  microorganism,  will  in  greater  dilution  act 
antiseptically  or  inhibitively,  no  definite  ndes  of  proportion  exist  be- 
tween the  two  values,  which  in  each  case  must  be  determined  by  experi- 
ment. 

DitililMtuita  UMd  in  Sotntkni. — The  actual  processes  which  take  place 
in  the  injury  of  bacteria  by  disinfectants  arc  to  a  large  extent  unknown. 
In  the  case  of  strong  acids,  or  strongly  oxidisting  substances,  there  may 
be  destruction  of  the  bacterial  bo<ly  as  a  whole  by  rapid  oxidation. 
Other  substances  may 'act  by  coagulation  of  the  bacterial  protoplriam; 
otiierH  again  by  diffusion  through  the  cell  membrane  are  able  to  enter  into 
chemical  combination  with  the  protoplasm  and  exert  a  toxic  action. 
Again,  in  other  cases,  a  difference  in  tonicity  between  cell  protoplasm 
and  disinfectant  may  tend  to  withdrawal  of  water  from  the  bacterial 
cell  and  consequent  injury  of  the  microorganism. 

Among  the  inorganic  disinfectants  the  most  important  are  the  metallic 
•  Koch,  Arh.  a.  H.  kaix.  CrCHimdheitaamt,  i,  1881. 
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salts,  acids,  and  bases,  the  halogens  and  their  derivatives,  and  certain 
oxidizing  agents  like  peroxide  of  hydrogen  and  permanganate  of  potaa- 

It  has  been  shown  by  Scheuerien  and  Spiro,'  Kronig  and  Paul,*  and 
othere,  that  in  the  case  of  the  salts,  acids,  and  bases,  there  is-a  distinct 
and  demonstrable  relationship  between  the  disinfecting  power  of  these 
substances  and  their  dissociation  in  solution. 

According  to  the  theory  of  electrolytic  dissociation,  when  bodies  of 
this  class  go  into  solution  they  arc  broken  up  or  dissociated  into  an 
electro -positive  and  an  electro-negative  ion.  Thus,  metallic  salts  are 
broken  up  into  the  kation,  or  positive  metal,  and  into  the  anion,  or 
negative  acid  radicle  (AgNO,  =  Ag,  +  ion  and  NO,,—  ion).  In  the 
ease  of  the  acids,  ionization  takes  place  into  the  hydrogen  ions  and  the 
acid  radicles,  while  in  the  case  of  the  ba^s  the  dissociation  occurs  into 
the  metal,  on  the  one  hand,  and  the  OH  group  on  the  other.  The  de- 
gree of  dissociation  taking  place  depends  upon  the  nature  of  the  sub- 
stance in  solution,  its  concentration,  and  the  nature  of  the  solvent. 
Thus,  in  any  such  solution  there  appear  three  substances,  the  undia- 
sociated  compound  as  such,  its  electro-negative  ion,  and  its  electro- 
positive ion,  their  relative  concentrations  depending  upon  an  interrela- 
tionship calculable  by  definite  laws.  It  goes  without  saying,  therefore, 
that  any  chemical  or  physical  reaction,  taken  part  in  by  such  a  solution, 
may  be  participated  in,  not  only  by  the  dissolved  undissociated  residue 
as  a  whole,  but  by  its  separate  ions  individually  as  well.  In  the  case  of 
many  disinfectants,  the  writers  referred  to  above  have  been  able  to 
demonstrate  a  relationship  between  the  tlegree  of  dissociation  and  the 
bactericidal  powers.  According  to  Kronig  and  Paul,  double  metallic 
salts^  in  which  the  metal  is  a  constituent  of  a  complex  ion  and  in  which 
the  concentration  of  the  dissociat<^d  metal-ions  is  consequently  low, 
have  very  little  disinfecting  power.  Thus  potassium-silver-eyanide, 
which  is  a  comparatively  weak  disinfectant,  dissociates  into  the  kation  K 
and  the  complex  anion  Ag  (CN) ,,  this  latter  further  dissociating  to  a  very 
slight  degree  only.  The  same  writers  conclude  that  the  bactericidal 
action  of  mercuric  chloride  and  of  halogen  combinations  with  metals  is 
directly  proportionate  to  the  degn-e  of  dissociation.  This  considera- 
tion, moreover,  explains  why  aqueous  solutions  of  such  substances  are 
more  active  than  are  solutions  in  the  alcohols  or  in  ether,  since  it  is  well 


■  Scheuerien  iind  Spiro,  MQdcH,  raed.  Woch.,  44,  1897. 
•  Kr6nig  und  Paul,  Zeit.  f.  Hyg.,  irv,  1897, 
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known  that  metallic  salts  are  ionized  in  these  substances  to  a  much 
slighter  degree  than  they  are  in  water.' 

On  the  other  hand,  the  addition  of  moderate  quantities  of  ethyl 
and  methyl  alcohol  or  acetones  to  aqueous  solutions  of  silver  nitrate  or 
mercuric  chloride,  definitely  increases  the  disinfecting  action  of  such 
solutions.  In  the  case  of  mercuric  fchloride,  Kronig  and  Paul  obt^ned 
the  most  powerful  effects  in  solutions  to  which  alcohol  had  been  added 
in  a  concentration  of  25  per  cent.  For  this  empirical  fact  a  satisfactory 
explanation  has  not  yet  been  found.  Kronig  and  Paul  suggest  that  low 
percentages  of  alcohol  may  facilitate  the  penetration  of  the  disinfectant 
through  tbe  cell  membrane  and  thus  increase  its  efficiency,  while  high 
percentages  of  alcohol  have  the  opposite  effect,  by  decreasii^  the  degree 
of  dissociation.  In  this  connection  it  has  been  suggested,  however, 
that  absolute  and  stroi^  alcohols  possibly  act  as  desiccating  agents, 
thus  actually  rendering  the  bacteria  dry  and  less  susceptible  to  dele- 
terious chemical  influences. 

In  the  case  of  acids  and  bases  the  same  authors  have  determined 
that  the  powers  of  disinfection  of  these  substances  are  again  directly 
proportionate  to  the  degree  of  their  dissociation:  that  is,  to  the  concen- 
tration of  the  hydrogen  or  hydroxyl  ions,  respectively.  The  hydrogen 
ions  are  more  powerfully  active  than  the  hydroxyl  ions  in  equal  con- 
centration; acids,  therefore,  are  more  efficient  disinfectants  than  bases. 

A  faot  which  appears  to  strengthen  the  opinion  as  to  the  relationship 
between  bactericidal  powers  and  dissociation,  is  that  brought  forward 
by  Scheuerlen  and  Spiro,  that  the  addition  of  NaCl  to  bichloride  of 
mercury  solutions  reduces  the  disinfecting  power  of  such  solutions,  in- 
asmuch as  it  diminishes  the  concentration  of  free  ions.  In  practice, 
however,  NaCl  or  NH^Cl  is  added  to  bichloride  of  mercury  solutions, 
ance  these  substances  aid  in  holding  in  solution  mercury  compounds 
fonned  in  the-presence  of  alkaline  albuminous  material,  blood  serum, 
pus,  etc. 

In  r^ard  to  the  halogens.  Kronig  and  Paul  have  shown  that  the 
germicidal  power  of  this  class  of  elements  is  inversely  proportionate  to 
their  atomic  weights.  Thus,  chlorine  with  the  lowest  atomic  weight  is  the 
strongest  disinfectant  of  the  group.     Next,  and  almost  equal  to  this,  is 

'  Water  is  the  Btrongeet  dieBociant  known.  Methyl  alcohol  has  about  one-halT  to 
two-thufds  the  diaaociating  power  of  water  {Zelineky,  Zeit.  f.  physiol.  Chemie,  xx, 
1896).  Ethyl  alcohol  allows  dissociation  much  less  than  methyl  alcohol;  ammonia 
altowe  disBociation  to  about  one-third  to  one-fourth  the  extent  of  water.  Se«  /ones, 
"Eiemfntv  gt  Phyimi  Cbemietiy/'  p.  37).    MacniUan,  Nfw  Vtvk,  IMS, 
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bromine.    Iodine  with  a  much  heavier  atomic  weight  than  either  of  the 
former  is  distinctly  lees  bactericidaL 

Chloride  0?  Lime. — Of  the  hatt^D  compounds  used  in  practice, 
the  most  importatit  ia  chloride  of  lime  or  bleaching  powder.  As  to  the 
composition  of  this  substance,  there  is  some  difference  of  opinion.  It 
was  formerly  believed  to  be  -a  Jnixtnre  of  calciom  hypochlorite, 
Ca(C10,),  and  of  calcium  chloride,  CaClj.  The  fact  that  the  substance 
is  not  deliquescent,  however,  speaks  against  the  presence  of  calcium 
chloride  as  such,  and  it  is  probable  that  it  consists  of  a  single  com- 
pound with  the  formula  CaOClj.  The  action  of  acids  or  even  of 
atmospheric  CO,  upon  this  substance  results  in  the  liberation  of 
chlorine.    For  instance, 

Ca(Cl,0)  +  2HC1  =  CaCl,  +  2HC10. 
2HC10      +  2HCI  =  2H,  +  2C1,. 

Bleaching  powder  is  readily  soluble  in  about  twenty  parts  of  water. 
According  to  Nissen,'  solutions  of  2  in  1,000  of  this  substance  destroy 
vegetative  forms  of  bacteria  in  five  to  ten  minutes.  Its  bactericidal 
action  depends  on  the  hypochlorous  acid  formed.  After  water  predpi- 
tation  an  efficient  dosage  is  10  pounds  to  the  million  gallons. 

Tebchlobide  OF  Iodine  (ICl,)  is  an  extremely  strong  diainfectant, 
being  efiScieiit  for  vegetative  forms  in  solutions  of  0.1  per  cent  in  one 
minute  and  a  1  per  cent  solution  destroying  spores  within  a  few 
minutes.* 

Painting  with  tincture  of  iodine  fi**  p'T  f"*}  is  a  simple  and 
reliable  method  of  sterilizing  the  skin.  It  is  now  used  in  many  clinics 
in  sterilizing  the  field  of  operation. 

Peroxide  of  Hydrogen  is  formed  by  the  action  of  dilute  sulphuric 
acid  upon  peroxide  ni  barium.  It  readily  gives  up  oxygen  and  acts 
upon  bacteria  probably  by  virtue  of  the  liberation  of  nascent  oxygen. 
In  the  presence  of  organic  matter,  such  as  blood,  pus,  etc.,  associated 
with  bacteria,  II^Oj  is  quickly  reduced  and  weakened.  It  is  important 
that  the  IIjO,  come  in  immediate  contact  with  the  bacteria.  In  prac- 
tice, tlierffnre,  blood  and  pus  should  be  removed  from  wounds  when 
applying  the  IIjO,  or  a  large  excess  of  IIjOj  should  be  used. 

Permanganate  of  Potas-sium.  acting  probably  in  the  same  way,  is 
a  powerful  germipide.  It  also  is  readily  reduced  by  many  organic  sub- 
stances often  a&soeiated  with  bacteria,  being  i^ndered  weaker  thereby. 

>  Nitten,  Zeit.  f.  Hyg.,  via,  1600.  >  i>.  Behrinf,  Zeit.  f.  Byg.,  iz,  1881. 
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Among  oi^anic  disiufectanta  those  of  moat  practical  importance  are 
the  alcohols,  fortnaldehydes,  indnfomi.  mflmbere  of  the  phenol  group 
and  ita  derivativea.  carbolic  acid,  creaol.  lyaol.  creolin^  sftlicvlic  acid,  cer- 
tain  ethereal  oils,  and,  more  recently  introduced,  organic  silver  salts 
such  aa  protaTRol,  arRyrol.  argonin,  and  others. 

The  alcohols  are  but  indiiTerent  disinfectants.  Koch '  in  18S1 
found  that  anthrax  spores  remained  ahve  for  as  long  as  four  months 
when  immersed  in  absolute  and  in  50  per  cent  ethyl  alcohol.  On  the 
other  hand,  while  absolute  alcohol  possesses  practically  no  germicidal 
powers,  poaaibly  because  6f  the  formation  of  a  j)rotecting  envelope  by 
the  coagulation  of  the  bacterial  ectoplasm,  or,  as  auggested  above,  by 
desiccation  due  to  the  abstraction  of  water,  dilute  alcohol  in  .a  concen- 
tration of  about  50  per  cent  ia  distinctly  germicidal,  destroying  the  vege- 
tative forms  of  bacteria  in  from  ten  to  fifteen  minutes  or  less.* 
Attention  has  already  been  called  to  the  fact  that  moderate  ad- 
ditions of  alcohol  to  aqueous  solutioDS  of  mercuric  chloride  enhance 
the  germicidiU  power  of  this  disinfectant.  Additions  of  ethyl  and 
methyl  alcohol  to  carbolic  acid  or  formaldehyde  solutions,  on  the 
other  hand,  progressively  decrease  the  bactericidal  activities  of  these 


The  value  of  boiling  alcohol  for  the  destruction  of  spores — especially 
in  the  sterilization  of  catgut — has  been  investigated  by  Saul,'  who 
found  that  boiling  in  absolute  ethyl,  methyl,  or  propyl  alcohol  b  prac- 
tically without  effect,  while  spores  are  destroyed  readily  in  boiling 
dilute  alcohol,  the  most  effectual  being  propyl  alcohol  of  a  concentra- 
tion of  from  10-40  per  cent. 

loDOPoRM  (CHIj)*  is  weakly  antiaeptic  in  itself,  but  when  introduced 
into  wounds  where  active  reducing  procesBes  are  taking  place — often 
as  the  result  of  bacterial  growth — iodine  is  liberated  from  it  and  active 
barterici<lal  action  results. 

Carbolic  acid  (C,H,0H),  at  room  temperature,  consists  of  color- 
lees  crystals  which  become  completely  liquefied  by  the  addition  of  10 
per  cent  of  water.  In  contradistinction  to  most  inoixanic  dininfectants, 
the  action  of  carbolic  acid  and  other  members  of  the  phenol  group  is 


■  Koeh.  Atb.  ft.  d.  kaia.  Geeundheitgamt,  i,  1881. 

■  BjMlein,  Zeit.  f.  Hyg.,  xxiv.  1897. 
'KtSnig  und  Pmd,  iac.  oit. 

'  Smd.  Arehiv  f.  klin.  Chir..  .W.  1«98. 

*  V.  Bekring,  "  B4>kaeiiiprung  <l.  Infrktions-Krankh.."  Leipzig,  II 
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not  in  any  way  dependent  upon  dissociation.'  According  to  Beckmaim ' 
and  others,  carbolic  acid  acts  as  a  molecule  and  not  by  individual  ions. 
The  proof  of  thia  is  brought  out  by  the  fact  that  the  addition  of  NaC3 
to  carbolic  acid  solutions,  an  addition  which  would  tend  to  decrease 
the  concentration  of  free  ions,  markedly  increases  the  bactericidal 
powers, of  such  solutions.  On  the  other  hand,  as  stated  above,  addi- 
tions of  alcohol  progrcBsivcly  diminish  the  efficiency  of  the  phenols. 

Other  members  of  this  group  of  disinfectants  are  ortho-,  meta-,  and 
PARACREaoL  (C,H,CH30H),  isomeric  compounds  differing  only  in  the 
position  of  the  OH  radicle.  Tricresol  is  a  mixture  of  these  three.  The 
cresols  are  relatively  more  powerfully  germicidal  than  is  carbolic  acid, 
but  are  less  soluble  in  water.  Lyrol  is  a  substance  obtained  by  the 
solution  of  coal-tar  cresol  in  neutral  potassium-aoap.  ■  Dissolved  in 
water  it  forms  an  opalescent  easily  flowing  liquid.  According  to  Gru- 
ber,'  its  germicidal  action  ia  slightly  greater  than  that  of  carbolic  acid. 
Creolin,  another  combination  of  the  cresols  with  potassic  soap,  forms 
with  water  a  turbid  emulsion,  v.  Behring '  expressed  the  relative 
germicidal  powers  of  carbolic  acid,  cresol,  and  creolin  for  vegetative 
forms  by  the  numbers  1  :  4  :  10,  in  the  order  named. 

FoiiMALDERYDE  (H-COH),  OF  rticthyl  aldehyde,  is  a  gas  which  ia 
easily  produced  by  the  incomplete  combustion  of  methyl  alcohol.  The 
methods  of  actually  generating  it  for  purposes  of  fumigation  will  be 
discussed  in  a  subsequent  paragraph.  In  aqueous  solution  this  substance 
foims  a  colorless  liquid  with  a  characteristic  acrid  odor,  and  in  this  form 
is  largely  used  as  a  preservative  for  animal  tissues  and  as  a  germicide. 
It  is  marketed  as  "  formalin,"  which  is  an  aqueous  solution  containing 
from  35  to  40  per  cent  of  the  pas  and  which  exerts  distinctly  bactericidal 
action  on  vegetative  forma  in  further  dilutions  of  from  1  to  10  to  1  to 
20  (formaldehyde  gas  1  :  400  to  1  :  800).  Anthrax  spores  are  killed 
in  35  per  cent  formaldehyde  in  ten  to  thirty  minutes.'  Unlike  the 
phenols,  the  addition  of  salt  to  formaldehyde  solutions  does  not  increase 
its  efficiency,  but  similar  to  them,  additions  'of  ethyl  and  methyl  alcohol 
markedly  reduce  its  germicidal  powers. 

ThU  essential  OI1.S  which  are  most  commonly  used  in  practice — 
largely  as  intestinal  antiseptics — ^are  those  of  cinnamon,  thyme,  cucalyp- 

•  Scheuerlen  und  Spiro,  Mtinch.  med.  Woch.,  44,  1897. 
'  Beckmann,  Cent.  t.  Bakt.,  I,  xx.  1896. 

>  eruftei-,  Cent.  t.  Bakt,  I.,  xi,  1892. 
' B.  Behring,  loc.  eit,,  p.  l\\, 

•  KrOnig  und  Paul,  loc.  cit. 
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tus,  and  pcppermiat.  Omeltschenko  *  believes  that  the  employment  of 
these  oil»  in  emulsions  is  illogical,  inasmuch  as  their  bactericidal  powers 
depend  upon  their  vaporization.  He  classifies  the  oils  in  decreasing 
order  of  their  efficiency  aa  follows:  Oil  of  cinnamon,  pmnol,  oil  of  thyme, 
oil  of  jieppermint,  oil  of  camphor,  and  eucalyptol. 

Methods  of  Testing  the  EiBdencr  of  Diainfectanta.— The  efficiency  of  - 
any  given  disinfectant  depends,  as  we  have  seen,  upon  a  number  of 
factors,  any  one  of  which,  if  variable,  may  lead  to  considerable  differences 
in  the  end  result.  Thus,  as  far  aa  the  bacteria  themseivea  are  concerned, 
it  is  necessary  to  remember  that  not  only  do  separate  species  differ  in 
their  resistance  to  disinfectants,  but  that  different  strains  within  the 
same  species  may  show  such  variations  as  weU.  This  fact  largely  ac- 
counts for  the  widely  varying  reports  made  by  different  investigators 
sa  to  the  resistance  of  antlirax  spores,  and  depends  possibly  upon  tem- 
porary or  permanent  biological  differences  produced  in  bacteria  by  the 
conditions  of  their  previous  environment. 

The  numbers  of  bacteria  exposed  to  the  tlisinfectant,  furthermore, 
is  a  factor  which  should  be  kept  constant  in  comparative  teats.  The 
medium,  moreover,  in  which  bacteria  arc  brought  into  contact  with  the 
disbfcctant  is  a  matter  of  great  importance,  inasmuch  as  cither  by 
entering  into  chemical  combination  with  the  disinfectant  it  may  detract 
from  its  coneentrati(m  or  by  coagulation  it  may  form  a  purely  mechanical 
protection  for  the  microorganism.  Thus  bacteria  which  may  be  de- 
stroywl  in  distilled  water  or  salt-solution  emulsion  with  comparative 
ease,  may  evince  an  apparently  higher  resistance  if  acted  upon  in 
the  presence  of  blood  serum,  mucus,  or  other  albuminous  substances. 
Temperature  influences  bactericidal  processes  in  that  most  chemical 
diamfectants  are  more  actively  bactericidal  at  higher  than  at  lower 
temperatures,  a  fact  duo  most  likely  to  the  favonvble  influence  of  tem- 
perature upon  all  chemical  reactions.'  As  far  as  merely  inhibitory  or 
antiseptic  values  are  concerned,  however,  the  temperature  least  favor- 
able for  the  reaction  of  the  antiseptic  is  that  which  represents  the  opti- 
mum growth  temperature  for  the  microorganism  in  question  and  the 
inhibitor^'  effects  of  any  substance  are  less  marked  at  this  point  than  at 
temperatures  above  or  below  it. 

The   important   influence  exerted  by  the   solvent   in   which   the 


'Omrttuc/umko,  Cent.  r.  Bakt..  T.  ix.  imi. 

'f.  Bthring.  "  Bekaempf.   der  Infektinns-Krankh.,  Tnfektion   i 


_y  Google 


80  BIOLOGY  AND  TECHNIQUE 

disinfectant  is  employed  has  already  been  discussed.  Fgr  ordinary 
work  it  is  customary  to  express  absolute  and  comparative  antiseptic 
and  bactericidal  values  in  terms  of  percentages  based  upon  weight,  and 
this,  beyond  question,  is  both  simple  and  practical.  For  strictly  eciesa- 
tific  comparisons,  however,  as  Krouig  and  Paul  ^  have  [minted  out,  it 
is  by  far  more  accurate  to  work  with  equimolecular  solutions. 

Rideal  and  Walker  '  have  devised  a  method  of  testing  disinfectants, 
in  which  an  attempt  is  made  to  establish  a  standard  for  comparisons. 
They  choose,  as  the  standard,  carbolic  acid,  and  establish  what  they  call 
the  "  carlxilic-aeid  coefficient."  This  coefficient  they  obtain  in  the  fol- 
lowing way:  the  particular  dilution  of  the  di^nfectant  under  investiga- 
tion which  wilt  kill  in  a  given  time,  is  divided  by  the  strength  of  carbolic 
acid  which,  under  the  same  conditions,  will  kill  the  same  bacteria  in 
the  same  time.  We  quote  an  example  of  such  a  test,  given  by  Simpson 
and  Hewlett,*  comparing  formaUn  and  carbolic  add. 

BACILLUS  PESTIS. 


DQution. 

TnomUtHUW. 

S^ph. 

2.B 

5 

7.6 

.0 

12.6 

IE 

FormaUn | 

Carbolic  acid | 

lin    30 
lin   40 
lin  100 
lintlO 

growth 
growth 

growth 

growth 
growth 

growth 

In  the  above  table,  formalin  1  in  30  killed  in  the  same  time  as 
carbotic  acid  1  in  110.  Thus  the  tarbolic-acid  coefficient  of  formalin 
in  this  test  =  ^i,o  =  .27. 

The  Rideal-Walker  method  has  been  much  used  and  is  recommended 
by  many  workers,* 

The  most  precise  method  of  standardizii^  disinfectants  is  that  now 
in  use  in  the  U.  S.  Public  Health  Service.  It  is  a  modification  of  the 
Rideal-Walker  procedure  devised  by  Anderson  and  McClintic* 

Stock  5  per  cent  solutions  of  the  disinfectant  in  question  and  of  the 

■  KrOnig  uod  Paid,  loc.  cit 

*  Rideat  and  Walker,  Jour,  of  the  Sanitary  Ins.  London,  xxiv. 
'Simpson  and  Heidett,  Lancet,  ii,  1904. 
*SomrneTviiU,  Brit.  Med.  Jour..  1901. 
\  '  Anderson  and  McCUnlic,  Jour,  of  Inf.  Dis.,  1911,  viii,  1. 
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»ituidard  (phenol)  are  first  prepared  and  a  series  of  accurate  dilutions 
made  with  distilled  water  using  graduated  pipettes.  (To  make  1 :  70  take 
4  c.c.  of  stock  and  10  c.c.  distilled  water;  1:80  =  4  c.c.  of  stock  -|~  12 
c.c.  distilled  water;  1:90  =  4  c.c.  stock  -|-  14  c.c.  distilled  water;  1:500 
=  2  c.c.  of  stock  -{-  48  c.c.  of  distilled  water.  Complete  dilution  tablcis 
are  given  in  their  original  article.)  The  series  should  include  dilutions 
strong  enough  to  kill  B.  typhosus  in  two  and  a  half  minutes  and  weak 
enough  to  fail  to  do  so  in  fifteen  minutes.  If  dilutions  greater  than  1- 
500  are  required,  a  second  1  per  cent  stock  solution  is  prepared.  They 
adopted  the  following  scale  for  their  tests:  Dilutions  up  to  1:70  should 
vary  from  the  next  in  the  series  by  a  difference  of  5  (i.e.,5  parts  of  water). 

From  1:70  to  1:160  by  a  difference  of  10 
From  1:160  tol:200  by  a  difference  of  20 
From  1:200  to  1:400  by  a  difference  of  25 
From  1:400  to  1:900  by  a  difference  of  50 
From  1:900  to  1:1800  by  a  difference  of  100 
From  1:1800  to  1 :  3200  by  a  difference  of  200 

and  so  on  if  higher  dilutions  are  necessary. 

Short  wide  test  tubes  1  inch  by  3  inches  are  used  in  making  the  test. 
These  are  placed  in  a  rack  in  a  water  bath  at  20°  C.  Five  c.c.  of  each 
dilution  are  measured  into  a  series  of  these  tubes  beginning  with  the  . 
strongest  specimen  and  rinsing  the  pipette  once  with  each  dilution 
before  the  5  c.c.  are  measured  out.  For  inoculation,  a  24-hour  broth 
culture  of  B.  typhosus  is  prepared  which  has  been  transferred  daily  for 
at  least  3  days.  Before  use  it  is  shaken  and  filtered  through  sterile 
filter  paper.  The  wide  test  tubes  containing  diluted  disinfectant  arc 
inoculated  with  'lo  c.c.  of  this  culture  with  a  graduated  pipette.  The 
tip  of  the  pipette  is  held  against  the  side  of  the  tube  to  insure  accurate 
measurement  and  the  tube  immediately  shaken  to  mix  the  bacteria 
thoroughly  with  the  disinfectant.  Test  inoculations  are  made  from 
this  mixture  at  proper  intervals  into  tubes  containii^  10  c.c.  of  standard 
extract  broth  of  +  1*5  acidity,  using  loops  4  mm.  in  diameter.  At  least 
four  such  loops  should  be  at  hand,  supported  on  a  rack  or  wooden  block 
80  that  a  fan-tail  Bunsen  burner  may  be  placed  under  each  wire  in  turn. 
Each  one  b  sterilized  after  a  plant  is  made  and  jJlowed  to  cool  while  the 
other  three  are  being  used  in  order. 

The  teat  is  conducted  as  follows:  A  row  of  ten  wide  tubes  containing 
dilutions  of  the  antiseptic  is  placed  in  the  water  bath  at  20°  C.  and  time 
aUowed  for  them  to  reach  the  temperature  of  the  bath.  They  are  then 
inoculated  in  order  at  intervals  of  exactly  15  seconds.    Fifteen  seconds 
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after  the  last  tube  has  been  inoculated  a  subculture  is  made  from  the 
first  tube  of  the  series  ii.e.,  2H  minutes  after  this  first  tube  was  inocu- 
lated) and  from  the  other  tubes  in  order  at  15-second  intervals.  Fifteen 
seconds  after  this  first  series  of  subcultures  is  completed  a  second  series 
of  subcultures  is  begun  which  will  give  the  result  of  a  5-minute  exposure!* 
the  antiseptic  and  the  subinoculations  continued  at  15-second  interv^ 
until  all  dilutions  have  been  tested  for  fifteen  minutes.  If  the  strengt^h 
of  the  antiseptic  is  known  approximately  subcultures  of  the  lower  dilu- 
tions for  the  longer  periods  may  be  omitted.  It  is  convenient  to  have 
an  assistant  at  hand  to  call  time  and  to  label  the  subcultures  as  soon  as 
made.    The  tubes  may,  however,  be  placed  in  order  in  suitable  racks 

DETERMINATION  OF  THE  CARBOLIC-ACID  COEFFICIENT 

OF  A  DISINFECTANT. 

(Anderson  and  M<Oijntig) 

Name , "A" 

Tbuperatcre  of  Medication 20°  C. 

Culture  Used  B.  Typhobus 24-hT.,  Extract  Broth,  Filtered 

Proportion  of  Culture  and  Dibinfbctant 0.1  c.o.  +  5  c-c 

Organic  Matter,  None;    Kind,  None;    Auount,  None. 

Sdbcdltose  Media Standard  Extract  Broth 

Reaction 4-1.5 

QoANTrrr  in  Each  Tube 10  cc. 


Jlu- 

Time  Culture  BxpoMd  to  Action 

2H 

B 

m 

10 

IZM 

IB 

90 

+ 

_ 

_ 

_ 

80)375 

1(W 

+ 

■1- 

■1- 

4.69 

110 

+ 

-1- 

-1- 

-1- 

-1- 

— 

110)650 

5.91 

DlBinfeotant  "A".  .     1 

350 
37.5 

— 

— 

— 

2)10.60 

400 

+ 

— 

— 

^ 

5.30  = 

425 

+ 

+ 

^ 

— 

— 

— 

coefficient 

4,10 

+ 

+ 

— 

— 

^ 



500 

+ 

+ 

— 

— 

— 

- 

650 

+ 

+ 

-1- 

— 

— 

— 

600 

+ 

+ 

-1- 

-1- 

— 

— 

B50 

+ 

+ 

+ 

+ 

-1- 

— 

700 

+ 

+ 

+ 

+ 

+ 

-t- 

750 

+ 

+ 

+ 

+ 

■h 

-1- 
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without  labelling.  The  subculture  tubes  are  incubated  for  48  hours  at 
37°  C.  and  those  in  which  growth  is  observed  are  recorded  positive. 

To  obtain  the  coefficient  the  weakest  dilution  of  the  unknown 
an^ptic  which  kills  in  2^  minutes  is  divided  by  the  weakest  dilution 
of  phenol  which  kills  in  the  same  time.  The  same  is  done  for  the  weak- 
est strength  that  lulls  in  15  minutes  and  an  average  is  taken.  The 
results  of  such  a  test  are  shown  in  the  table  on  page  82. 

Aa  only  the  2J^minute  and  XS-minute  intervals  are  used  in  deter- 
mming  this  result  it  seems  unnecessary  to  make  plants  at  the  intervening 
periods  except  in  special  cases  where  more  detailed  information  is  desired. 

The  procedure  may  be  modified  by  adding  some  organic  substance 
such  as  killed  bacteria  to  the  diluted  antiseptic.  For  many  substances, 
e.g.-,  bichloride  of  mercury,  the  antispetic  value  in  presence  of  organic 
matter  is  much  lower  than  in  watery  solution.  Anderson  and  McClintic 
insist  that  great  care  in  making  the  dilutions  and  rigid  adherence  to  a 
uniform  technique  are  necessary  to  obtain  consistent  results  in  such  tests. 

Detekuination  of-  Antihepiic  Values. — The  antiseptic  or  in- 
lubitivc  strength  of  a  chemical  substance,  sometimes  spoken  of 
aa  the  "  coefficient  of  inhibition,"  is  determined  by  adding  to 
definite  quantities  of  a  given  culture  medium,  graded  percent- 
ages of  the  chemical  substance  which  is  being  investigated  and  plant- 
ing in  these  mixtures  equal  quantities  of  the  bacteria  in  question. 
The  medium  used  for  the  tests  may  be  nutrient  broth  or  melted  gelatin 
or  agar.  If  broth  is  used,  growth  is  estimated  by  turbidity  of  the 
medium  and  by  morphological  examination;  if  the  agar  or  gelatin  is 
onployed,  plates  may  be  poured  and  actual  growth  observed. 

Thus,  in  the  case  of  carbolic  acid,  a  6  or  10  per  cent  solution  is 
prepared  and  added  to  tul)e3  of  the  medium,  as  follows: 


Tub«  1  contains  5%  caibc^C  2  c.c.   +  broth  8       c 

■'      2        "         5            "  1  C.C.   +  broth  9       c 

"     3       "        6           "  .5  C.C,  +  broth  9.5  c 

"     4       "        5           "  7  C.C.  +  broth  9,8  c 

"     5       "        5           "  .1  C.C.  +  broth  9.9  c 


>■  1: 1,000  carboUo  acid. 

-1:200 

-  1:400         "  " 

=  1:1,000      "  " 

=  1:5,000      "  " 


To  each  of  these  tubes  a  definite  quantity  of  the  bacteria  is  added 
either  hy  means  (rf  a  standard  loopful  of  a  fresh  agar  culture,  or  better  by 
a  measured  volume  of  an  even  emulsion  in  sterile  salt  solution.  The 
inoculated  tubes  are  then  incubated  at  a  t<;mperature  corresponding  to 
the  optimum  growth  temperature  for  the  microorganism  in  question. 
The  tul>es  are  examined  for  growth  from  day  to  day.  From  tubes 
wmtaining  higher  dilutions,  in  which  no  growth  is  visible,  transplants 
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INHIBITION  STRENGTHS  OF  VARIOUS  ANTISEPTICS. 
Adapted  fhou  FlOoob,  Lbipzio,  1902.  _ 


Acids 

Sulphuric 

Hydrochloric  . 


Sulphurous 
Arsenouu. . 


Alkaues 
Potass.  hydroK. . 


Ammon.  hjrdrox. 
Calcium  hydrojt, . 


Copper  sulphate  . 
Ferric  sulphate 
Mercuric  chlorid. . 

Sili'cr nitrate  .... 


Potass,  perman 

Haukiens  and  Compounds 
Chlorin 

Potass,  iodid 

Sodium  chlor. 


Organic  Compounds 

Ethyl  alcohol 

Ac«tic  and  oxalic  acids  . 
Carbohc  acid 


Beozoicadd 

Salicylic  acid 

Formalin     (4%    formalde- 
hyde)   


Camphor 

Thymol  

Oilmenthapip    

Oil  of  terebinth 

Peroxide  of  hydrogen. 


1  : 3,<)00 
1:3,000 


Choi.  apir.  I  :  6,000 
B.diph.  1  :  3,000 
B.  mallei  1  :  700 
B.  typh.  1  :  500 
Choi.spir.  1 : 1,000 


B.  diphth.  1 :  600 
Choi.  spir.  1  :  400 
B.  typh.  1  :  400 
Choi.  spir.  1  :  500 
B.  typh.  1  :  500 
Choi.  spir.  1:1,100 
B.  typh.  I  :  1,100 


1:1,000 
1 :  10.000 
1:3,000 
1:8,000 


B.  typhosuj 
Choi.  spir. 
B.  typhosui 


B.  diph.  1  :  500 
B.  typh.  1  :  400 
Choi.  spir.  1  :600 


Choi.  spir.  1 :  20,000 
Staphylo.    I  :  5,000 
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BACTERICIDAL  STRENGTHS  OF  COMMON   DISINFECTANTS. 
AsAFTED  PROM  FlOgob,  Leipzio,  1902. 


cocci. 

Aathnx  and  Typboid  Budlli. 

5  Miduws. 

6  Minuta. 

2-M  HouTB. 

AaDB 

1  :10 
1:10 

1:100 
1:100 

1:1,500 
1:1,500 
(Typhoid 
1:700) 
1  :  300   (Ghs 
10  vol.  %) 
1  ;30 

1  :  50  in  10  days 
1  :  50  in  10  days 

Hyarocluoric    ....... 

Cone.  sol.  incomplete 
disinfection 

AlXAUBB 

PolMB.  hydtox 

AmmoD.  hydrox 

1:5 

1:300 
1:300 

1:1,000 

Salts 

Copper  sulphate 

Mercuric  chlor.     

Siver  nitrate   

ftHaa.  permang. 

1 :  10,(X>1)  to 

1,000 
1:1,000 
1:200 

1  per  cent, 
1:200 

70%-l5 
minutes 

1:60 
1  :300 

1  :  20  (5  days) 
1:2,000  (26  hours) 

1  :  2,0(MI 

1 :  10,000 
1:4,000 

1:500 

.1  per  cent, 

1  :  1,000 

70%-I0niiii8 

Cholera  1:200 
Typh.  1  :  50 
1:300 

1  :I00 

1:20 
1  :20(t 

Hauwens  and   Com- 
muHM 

Organic  Cohfounm 

Kthjlalrohol   

Acetic  aixl  oxalic  acid 

Carbdicacid    

1:2-300 

1  .  .300 

1  : 3,000 

1:1,(H)0 
1  :  .WO 

Alcol.      50%    for      4 

months         without 
killing             sporeti. 
Koch." 
1  :  2(1  (4-45  days) 
(at40=in3hre.) 

CreoUn 

(10%  in  5  hre.) 

SslicyBcacid    

Formalin     (40%    for- 

n^ehyde)    

Pemxide  of  hydrogen  . 

1:1,000 

1:10 
Cone. 

1  :20(in6hrB.) 
I  :  100  (in  1  hr.) 
3  :  100  (in  1  hr.) 

*  Koch.  Arb.  a.  d.  kais.  Gei:uiidheit9amt,  I 
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are  made  to  determine  the  presence  of  living  bacteria  aad  to  distinguish 
between  intiibition  or  antisepsis  and  bacterial  death  or  disinfection. 

The  determination  of  the  bactericidal  or  disinfectant  value  of  a 
chemical  substance  upon  spores  may  be  carried  out  by  a  variety  of 
methods.  Koch,'  using  anthrax  spores  as  the  indicator,  dried  the  spores 
upon  previously  sterilized  threads  of  silk.  These  were  exposed  to  the 
didnfectant  at  a  definite  temperature  for  varying  times,  the  disinfect- 
ant was  then  removed  by  washing  in  sterile  water,  and  the  threads 
planted  upon  gelatin  or  blood  serum  media  and  incubated.  A  serious 
objection  to  tliis  method  was  pointed  out  by  Geppert,'  who  maintains 
that  it  is  impossible  by  simple  washing  to  remove  completely  the  disin- 
fectant in  which  the  thread  has  been  soaked.  This  author  suggests  that, 
whenever  possible,  the  disinfectant,  at  the  end  of  the  time  of  exposure, 
should  be  removed  by  chemical  means.  In  the  case  of  bichloride  of  mer- 
cury Geppert  exposes  emulsions  of  the  bacteria  to  aqueous  solutions  of 
the  disinfectant,  and  at  the  end  of  exposure  precipitates  out  the  bichlor- 
ide of  mercury  with  ammonium  sulphide.  In  the  case  of  a  large  number 
of  disinfectants,  however,  this  is  not  possible,  and,  when  the  thread 
method  is  used,  removal  of  the  chemical  agent  by  washing  must  be 
practised.  Complete  removal  of  the  dbinfectant  is  especially  desirable, 
since  spores  previously  exposed  to  these  substances  are  more  easily  in- 
hibited by  dilute  solutions  than  are  normal  spores.  The  spores  may  be 
dried  upon  the  end  of  a  glass  rod,  which,  after  exposure,  is  washed  in 
distilled  water  or  salt  solution  and  then  immersed  in  sterile  broth.* 

A  simple  method  is  that  in  which  graded  percentages  of  the  disin- 
fectant are  added  to  the  menstruum,  blood,  blood  serum,  broth,  etc.,  in 
which  the  disinfectant  is  to  be  tested,  and  equal  quantities  of  bacteria 
thoroughly  emulsified  in  water  or  salt  solution  are  added.  Loopfuls  of 
these  mixtures  are  then  plant<xl  from  time  to  time  in  a^r  or  gelatin 
plates  upon  which  colony  counts  can  afterward  be  made. 

In  all  such  tests  it  is  important  to  remember  that  the  presence  of 
organic  fluids,  blood  serum,  mucus,  etc.,  considerably  alters  the  efficiency 
of  germicides,  and  whenever  practical  deductions  are  made,  experimental 
inutation  of  the  actual  conditions  should  be  attempted. 

Practical  Disinfection. — In  practical  disinfection  with  chemical 
agents,  the  disinfectant  must  be  chosen  to  a  certain  extent  in  accordance 
with  the  material  to  l>e  disinfected. 

1  Koch,  AH),  a.  d.  kais.  Gesundtieiteamt,  1,  18SI. 

*  Geppert,  Berl.  klin.  Woch.,  xxvi,  1889. 

'HiU,  Rep.  Am.  Pub.  Health  Aesn.,  xxiv,  18B8. 
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Sputttm  is  a  substance  extremely  difficult  to  di^nfect  because  the 
bacteria  present  are  surrounded  by  dense  envelopes  of  mucus,  throi^ 
which  disinfectants  do  not  easily  diSuse.  For  sputum  disinfection,  es- 
pecially tubereulous  sputum,  carbolic  acid — 5  per  cent  solution — or 
any  of  the  phenol  derivatives  in.  similar  concentrstion,  may  be  used. 
Bichloride  of  mercury  is  of  very  little  use  in  sputum  disinfection  be- 
cause of  the  dense  protective  layers  of  albuminated  mereury  which  form 
about  the  microorganisms.  Sputum  should  always  be  received  into 
cupe  containii^  the  disinfectant,  and  contaminated  handkerchiefs 
should  be  soaked  in  the  solution. 

Feces  from  typhoid,  dysentery,  and  cholera  patients  should  be  steril- 
ised by  burning,  if  possible,  or  by  thorougUy  mixing  with  lai^  quan- 
tities of  boiling  water;  but  if  chemical  disinfectants  are  to  be  used,  five 
per  cent  carbolic  acid  or  dilute  formalin  are  convenient.  Milk  of  lime 
and  chloride  of  lime  are  useful,  though  somewhat  inconvenient.  Bichlo- 
ride of  mercury  is  of  little  value  in  this  case  for  the  same  reason 
that  it  is  valueless  in  sputum  disinfection.  In  all  cases  of  feces  dis- 
infection it  is  extremely  important  that  the  chemical-  agent  should  be 
added  in  lai^  quantities  and  thoroughly  mixed  with  the  discharge. 

Linen,  napkins,  and  other  doth  materials  which  have  come  into  con- 
tact with  patients  should  be  soaked  for  one  or  two  hours  in  one  per  cent 
formaldehyde,  five  per  cent  carbolic  acid,  or  1  : 6,000  or  1 :  10,000 
bichloride  of  mercury.  After  this,  the  material  may  be  taken  from  the 
siek-room  and  boiled.  It  is  extremely  Important  that  cloth  material 
should  never  be  removed  from  the  sick-room  in  a  dry  state. 

Urine  may  be  easily  disinfected  by  the  addition  in  proper  ccm- 
cratratioD  of  any  of  the  di^nfectants  named  above. 

The  methods  for  sterilization  of  surgical  ina^rumenix  and  the  prepara- 
tion of  the  skin  of  the  patient  for  operation  are  subject  to  so  many  local 
variations  that  it  is  hardly  within  the  scopeof  atext-book  on  bacteriolt^y 
to  mention  them.  Metal  instnmients  are  usually  sterilized  by  boJUng 
in  soda  solution  and  may  be  subsequently  immersed  in  five  per  cent  car- 
bolic acid  solution.  Cat^t  may  be  sterilized  by  boiling  in  alcohol  or  by 
subjecting  it  to  temperatures  of  140°  C.  and  over,  for  several  hours  in 
cols  (atbolin). 

The  disinfection  of  the  hands  is  also  a  matter  of  much  variation. 
Two  methods  frequently  quoted  are  those  of  Welch  and  of  Fiirbringer. 

In  Welch's  method  the  hands  are  brushed  with  green  soap  in  water 
as  hot  as  it  can  be  borne  for  at  least  five  minutes.  They  are  then  rinsed 
and  umnersed  for  two  minutes  in  a  warm  saturated  solution  of  pennan- 
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ganate  of  potash  in  which  they  are  rubbed  with  a  sponge  or  sterile 
cotton.  They  are  then  transferred  to  a  saturated  solution  of  oxalic  acid, 
until  the  red  color  4iaB  entirely  disappeared.  Following  this,  they  are 
rinsed  in  sterile  water  and  then  immersed  in  a  1  :  500  bichloride  of 
mercury  solution  for  one  to  two  minutes. 

According  to  Fiirbringer's  method,  the  finger  nuls  are  carefully 
clejjied  with  an  orange-wood  stick  or  nail  file;  the  hands  are  then  thor- 
oughly brushed  with  a  n^l  brush  in  green  soap  and  hot  water  for  five 
minutes.  Following  this  they  are  immeraed  in  60  per  cent  alcohol  for 
one  minute,  then  in  3  per  cent  carbolic  acid  solution  for  one  minute; 
after  which  they  are  rinsed  in  sterile  water  and  dried. 

Rooms,  closets,  and  other  dosed  spaces  which  are  contaminated,  must 
be  disinfected  largely  by  gaseous  disinfectants.  After  such  disinfection 
in  the  case  of  cellars,  privies,  and  other  places  where  feasible,  walls  and 
ceilings  should  be  whitewashed. 

0»s«oiu  DlslnfectantB  (or  Purposes  of  Fumlfation. — ^There  are  a 
large  number  of  gaseous  agents  which  are  harmful  to  bacteria.  Only  a 
few,  however,  we  of  sufficient  bactericidal  strength  to  be  of  practical 
importance. 

Oxygen,  especially  in  the  nascent  state,  may  exert  distinct  bacteri- 
cidal action  upon  some  bacteria.  That  strictly  anaerobic  strains  are 
inhibited  by  its  presence  has  already  been  mentioned. 

Ozone  was  shown  by  Hansome  and  Fullerton  '  to  exert  condderable 
germicidal  power  when  passed  through  a  liquid  medium  in  which  bac- 
teria were  suspended,  but  was  absolutely  without  activity  when  em- 
ployed in  the  dry  state. 

Chlorine  because  of  its  powerful  germicidal  action  was  once  looked 
upon  with  favor,  but  has  been  found  quite  inadequate  from  a  practical 
point  of  view  because  of  its  injurious  action  upon  materials,  and  its 
irregularity  of  action.  Chlorine,  too,  is  but  weakly  efficient  unless  in 
the  presence  of  moisture.* 

Sulphur  dioxide  or  sulphurous  anhydrid  (SOi),  formerly  much  used 
for  room  disinfection,  is  no  longer  regarded  as  uniformly  efficient  for 
general  use.  The  gas  is  produced  by  burning  ordinary  roll  sulphur, 
conveniently  in  a  Dutch  oven.  To  be  at  all  effective,  water  should  be 
vaporized  at  the  same  time,  since  the  disinfectant  action  is  dependent 
upon  the  -formation  of  sulphurous  acid.  The  concentration  of  the  gas 
should  be  at  least  8  per  cent  of  the  volume  of  air  in  the  room.    For  this 


>Riin«ome  ttnd  Fidlerbm,  Kep.  Public  Health,  July,  1901, 

■  Fischer  and  Protkauer,  Mitt.  a.  d.  kais.  GeeuadheitBamt,  x,  11,  1BS2. 
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purpose  about  three  pounds  of  sulphur  should  be  burned  for  every 
thousand  cubic  feet  pf  space.  It  should  be  allowed  to  act  for  not  less 
than  twenty-four  hours.  The  researches  both  of  Wolffhiigel '  and  of 
Koch  *  have  shown  that  the  gas  is  not  sufficient  for  the  destruction  of 
spores.  Park'  believes  that  sulphur  dioxid  used  in  quantities  of  four 
pounds  of  sulphur  to  1,000  cubic  feet  is  of  practical  value  for  fumigating 
purposes  in  cases  of  diphtheria  and  the  exanthemata.  Sulphur  dioxid 
fumigation  is  more  effective  than  formaldehyd  for  the  destruction  of 
insects — fieas,  lice  and  bedbugs — a  matter  of  unportance  in  epidemics 
of  typhus  fever,  relapsing  fever,  pli^^e,  etc. 

Of  ail  known  gaseous  disinfectants  by  far  the  most  reliable  b  form- 
^dehyd.  In  all  cases  where  formaldehyd  fumigation  is  intended, 
clothing,  bed-linen,  and  fabrics  should  be  spread  out,  cupboards  and 
drawers  freely  opened.  The  cracks  of  windows  and  doors  should  be 
hermetically  sealed  with  paper  strips  or  by  calking  with  cotton.  In  all 
cases  mobture  should  be  provided  for,  either  in  the  generating  appa- 
ratus or  by  a  separate  boiler. 

Direct  evaporation  of  formaldehyd  from  formalia  solutions  has  been 
the  principle  underlying  most  of  the  methods.  If  such  evaporation  is  . 
attempted  from  an  open  vessel,  however,  polymerization- of  formal- 
dehyd to  the  solid  trioxymethylene  occurs.  To  prevent  this,  Trillat* 
and  others  have  constructed  special  autoclaves  in  which  20  per  cent  of 
calcmm  chloride  b  added  to  formalin  which  is  then  vaporized  under 
pressure. 

The  Trillat  autoclave,  as  well  as  others  constructed  on  the  same 
principle,  consists  of  a  strong  copper  chamber  of  a  capacity  of  about  a 
gallon,  fitted  with  a  cover  which  can  be  tightly  screwed  into  place. 
The  cover  b  perforated  by  an  outlet  vent,  a  pressure  gauge,  and  a 
thermometer.  The  whole  apparatus  is  adjusted  upon  a  stand  and  set 
over  a  kerosene  lamp.  Into  the  chamber  is  put  about  one-half  to  three- 
QUarters  its  capacity  of  40  per  cent  formaldehyd  (commercial  formalin) 
contuning  15-20  per  cent  calcium  chlorid.  The  solution  used  should 
be  free  from  methyl  alcohol,  since  this  leads  to  the  formation,  with 
formaldehyd,  of  methylal,  which  is  absolutely  without  germicidal 
action.    For  a  room  of  about  3,000  cubic  feet  Trillat  advises  the  con- 

>  Wciffkigd,  Mitt.  a.  d.  kais.  Gesundheiteamt,  i,  1881. 
'Koch,  Mitt,  a.  d.  kaia.  Cksundheitaamt,  i,  1881. 
'Part,  "Pathogen,  Bact.,"  N.  V.,  1908. 
*  TriBiU,  Coropt.  rend,  de  I'acad.  dea  ac.,  1806. 
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tinuance  of  the  gas  flow  for  about  an  hour.     The  method  is  not  uni- 
formly reliable. 

A  method  which  hae  found  much  favor  is  that  in  which  glycerin — 
usually  in  a  concentration  of  10  per  cent — la  added  to  formalin.     Ac- 
cording   to    Schlossmann '    the    presence    of 
glycerin   hinders   polymerization.     An   appa- 
ratus in  which  this  mixture  is  conveniently 
utilized  is  that  of  Lentz  (see  Fig.  12).     For- 
malin  with    10   per   cent   glycerin   is   placed 
in  the  cop[>er  tank  and  heated  by  a  burner. 
This  apparatus  has  been  favorably  endorsed 
by  the  War  Department  of  the  Unit«l  States. 
The  so-called  Breslau  method  of  generat- 
ing formaldehyd  depends  upon   the   ovaporar 
tion  of  formaldehyd  from  dilute  solutions,    v, 
Brunn '  claims  that  where  formalin  in  30  to  40 
per  cent  strength  is  evaporated,  water  vapor 
Fio.  12.— Lbntk  FoRMALm   is  generated  more   rapidly  than   formaldehyd 
Appakatds.  ia  liberated,  and  a  concentration  leading  to 

polymerization  occurs.  If,  however,  dilution 
is  carried  out  until  the  formaldehyd  in  the  solution  b  not  more  than 
8  per  cent,  the  generation  of  water  vapor  and  formaldehyd  take 
place  at  about  equal  speed  and  no  concentration  occurs.  Schlossmann  * 
furthermore  claims  that  polymerization  in  the  vaporized  fonnahlehyd 
does  not  occur  if  sufficient  water  vapor  is  present — a  principle  which 
may  also  contribute  to  the  efficiency  of  the  Breslau  method.  In  prac- 
tice, the  apparatus  devised  by  v.  Brunn  (Fig.  13)  consists  of  a  strong 
copper  kettle  of  about  34  cm.  diameter  by  7.5  cm,  height.  This  is 
completely  closed  except  for  two  openings  in  the  slightly  domed  top, 
one  of  which  is  the  exit  vent,  the  other,  laterally  placed,  is  for  pur- 
poses of  filling  and  is  closed  by  a  screw  stopper.  The  tank  is  filled 
with  a  solution  of  formalin  of  a  strength  of  from  8  to  10  per  cent  (com- 
mercial fomif^in  1:4).  The  apparatus  permits  the  evaporation  of 
large  quantities  of  fluid  in  a  short  time  (3  liters  in  one  hour).  When 
the  lamp  is  left  in  a  closed  room  care  should  Iw  taken  to  fill  it  with 
a  quantity  of  alcohol  proportionate  to  the  amount  of  fluid  to  be  evap- 
orated.    This,  according  to  v.   Brunn,   is  about  one-quarter  of  the 

'  ScUoMmonn,  MODch.  med.  Woch.,  45,  1898. 
*D.  Brunn,  Zcit.  f.  Hy^.,  xxx,  ISttO. 
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Fio.  13. — Breblau  FoutALDBHTD  Gbn- 
BiUTOR  AND  SECTION  or  Samx.  (After  V. 
Bnum.)    a,  Inlet;  6,  Exit  vent. 


volume  of  formalin  solution  used.  By  using  1.5  liters  of  8  per  cent 
formalin  for  each  1,000  cubic  feet  of  space,  thb  apparatus  is  s^d  to 
yield  a  conoentration  of  fonnaldehyd  of  about  25  grams  to  the  cubic 
meter. 

To  do  away  with  the  use  of  liquid,  a  method  has  been  devised 
which  depends  in  principle  upon  the  breaking  up  by  heat  of  the  solid 
polymer  of  formaldehyd  (tri- 
oxymethylene).  The  apparatus 
(trade  name,  "Schering's  Para- 
form  Lamp")  as  described  by 
Arouson  '  consists  of  a  cylindri- 
cal mantle  of  sheet-iron  placed 
upon  a  stand  and  suppUed  be^ 
k>w  with  an  alcohol  lamp.  Set 
into  the  top  of  the  mantle  is  a 
small  chamber,  into  which  1 
gram  tablets  of  trioxymcthylene 
are  placed.  The  alcohol  lamp, 
so  placed  that  the  wicks  project 
but  slightly— to  avoid  overheating — is  lighted,  and  the  formalin  gen- 
erated passes  out  through  slits  in  the  upper  case,  mingling  with  the 
water  vapor  and  other  gases  liberated  by  the  alcohol  flame.  The 
more  modem  devices  have  water-boiler  attachments  to  insure  suffi- 
cient moisture.  Two  tablets  are  sufficient  for  the  fumigation  of  about 
thirty-five  cubic  feet,  and  2  c.c.  of  alcohol  are  filled  into  the  lamp  for 
each  tablet.  One  hundred  to  one  hundred  and  fifty  tablets  are 
usually  enough  for  the  ordinary  room. 

A  simple  method  of  generating  formaldehyd  is  that  which  is  known 
-as  the  "lime  method."  In  a  wide  shallow  pan  40 per  cent  formalde- 
hyd solution  (commercial  formaidin)  is  poured  over  quicklime  (CaO). 
The  previous  addition  of  concentrated  sulphuric  acid  to  the  formalin,  in 
proportions  of  one  to  ten,  increases  the  ^>eed  of  formalin  liberation,  and 
uds  in  limiting  polymerization.  One  and  one-half  to  two  pounds  (onc- 
h^f  to  one  kilogram)  of  quick-lime  are  used  for  every  500  c.c.  of  the  for- 
malin solution.  The  heat  gcaenitcd  in  the  slaking  of  the  lime  produces 
volatLization  of  the  formalin. 

A  modification  of  this  method  is  that  of  Schering'  in  which  tab- 


I  Arontim,  Zeit.  f.  Hyg.,  xxv,  1897. 
■  Sdiering,  Uyg.  Rundschau,  ISOO. 
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lets  of  paraform  and  unslaked  lime  are  together  laid  into  a  pan  and 
warm  water  ie  poured  over  them. 

A  very  simple  method  is  the  potassium  permanganate  method  of 
Evans  and  Russell.'  This  method  depends  upon  the  active  reaction  oc- 
curring when  formalin  and  potassium  permanganate  are  mixed.  Per- 
manganate is  placed  into  a  bucket  and  the  formalin  poured  over  it.  The 
bucket  should  be  large  enough  to  prevent  overflowing  when  the  mixture 
foams.  Special  galvanized  iron  pails  are  made  with  fmmel-shaped  tops, 
and  piuls  should  be  placed  on  a  piece  of  iron  sheeting  or  bricks  to  prevent 
overheating  of  the  floor;  500  c.c.  of  commercial  formalin  and  250  grams 
of  potassium  manganate  should  be  used  for  every  1,000  cu.  ft. 

The  room  in  which  formaldehyd  has  been  liberated  is  kept  sealed,  in 
the  manner  already  described,  for  at  least  twelve  hours,  after  which  the 
windows  and  doors  are  opened.  The  odor  which  remains  after  formalde- 
hyd fum^atioQ  may  l>e  remove4l  by  sprinkling  with  ammonia,  or  by 
the  use  of  some  one  or  another  of  the  various  sorts  of  apparatus  de- 
vised for  the  libpration  of  ammonia. 

For  the  destruction  of  rodents,  hydrocyanic  add  gas  is  used  in  the 
fumigation  of  ships  and  houses.  This  is  of  especial  importance  in  con- 
trolling such  diseases  as  plague.  Recently  Creel,  Faget,  and  Wrightson, 
of  the  United  States  Public  Health  Service,  have  studied  this  method. 
They  found  hydrocyanic  add  gas  is  more  penetrating,  more  toxic,  and 
more  easily  applied  tlian  either  sulphur  dioxid  or  carbon  monoxid.  5  os. 
of  powdered  potassium  cyanid  per  1,000  cu.  ft.  of  space  was  sufficient  to 
kill  rodents.  The  gas  is  produced  by  dropping  the  potassium  cyanid  into 
sulphuric  acid  of  a  specific  gravity  of  1.84,  or  commercial  grade  66B. 
Tlie  gas  is  as  effiictive  for  insei;ts  as  it  is  for  rodents.  The  element  of 
danger  to  human  life  must  be  always  considered  in  carryii^  out  such 
fumigation,  but  the  writers  referred  to  lielieve  that  there  is  no  danger 
to  men  entering  a  place  fumigated  in  this  way  30  minutes  or  longer  after 
the  apertures  have  been  opened.  For  the  fumigation  of  the  hold  of  a 
ship.  Creel,  F^ct,  and  Wrightson '  use  an  ordinary  wooden  barrel,  into 
the  top  of  which  is  placed  a  large  galvanized  iron  funnel.  The  cyanid,  in 
&.^nl.  tins  with  top  removed,  may  be  attached  to  the  funnel  and  dumped 
into  the  sulphuric  acid  by  means  of  a  rope  attached  to  the  tin,  after  the 
barrel  has  Ix-cn  lowered. 

'  Allans  and  Riusell,  Rep.  State  Bd.  Health,  Maine,  1904. 

'  Creel.  Paget,  and  Wrightton,  United  States  Public  Health  Reports,  Vol,  30,  No. 
39,  Dec.  3,  1915. 
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CHAPTER  VI 

MimiODS  VSED  IN  THE  MICROSCOPIC  STUDY  AND  STAININQ 
OF  BACTERIA 

MX0B0800PI0  STUDY  OF  BAOTXRZA 

Bacteria  may  be  studied  microscopically,  in  the  living  and  un- 
stained  state,  and,  after  the  application  of  dyes,  in  colored  preparations. 
For  the  manipulation  of  bacteria  for  such  study,  glass  slides  and  cover- 
slipB  of  various  design  are  used.  These  must  be  perfectly  clean  if  the 
preparatioDB  are  to  be  of  any  value.* 

The  Btii^  of  Baetorift  In  the  LiTing  State. — Living  bacteria  may  be 
studied  in  what  is  spoken  of  as  the  "hanging-drop"  preparation. 
For  this  purpose  a  so-called  hoUow  slide  is  employed,  in  the  center  of 
which  there  is  a  circular  concavity  about  three-quarters  of  a  centimeter 
to  one  centimeter  in  diameter.  The  preparation  is  manipulated  as 
follows:  If  the  bacteria  are  growing  in  a  fluid  medium  a  drop  of  the 
culture  fiuid  is  transferred  to  the  center  of  a  cover-slip.  If  taken  from 
solid  media,  an  emulsion  may  be  made  in  broth  or  in  physiological  salt 
solution,  and  a  drop  of  this  transferred  to  the  cover-slip,  or  the  bac- 
teria may  be  emulsified  in  a  drop  of  salt  solution,  or  broth,  directly  upon 
the  cover-slip.  The  concavity  on  the  slide,  having  first  been  rimmed 
with  vaseline,  by  means  of  a  small  camel's-hair  brush,  the  cover-slip  is 
inverted  over  the  slide  in  such  a  way  that  the  drop  hangs  freely  within 
the  hollow  space.  The  preparation  is  then  ready  for  examination  under 
the  microscope. 

■  Although  the  silicates  of  wluch  glass  is  composed  are  extremely  stable,  oever- 
(hele«s  alkaline  aiUcates  which  are  said  to  separate  out  on  the  surface,  together  with 
grease  and  dirt  left  upon  the  glass  by  handling,  during  blowing  and  cutting,  neces- 
Bitaie  deansing  before  use.  This  maj  be  accomplisbed  by  a  variety  of  methods.  A 
sim^  one  suitable  for  general  application  is  as  follows:  (I)  The  slides  and  cover- 
slipa  are  thrown  singly  into  boiling  water  and  left  there  for  half  an  hour;  (2)  wash 
in  twCDty-6ve  per  cent  aulphuiic  acid;  (3)  rinse  in  distilled  wat«r;  (4)  wash  in 
alcohol;  (5)  wipe  with  a  clean  doth  and  keep  dry  under  a  bell-jar.  Another  method 
amvenient  for  routine  use  is  to  immerse,  after  thorough  washing  in  soap-suds 
and  add,  in  ninety-five  per  cent  alcohol  and  to  leave  in  this  until  Jhe  time  of  use. 
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Another  method,  known  as  the  "  hanging  block  method,"  devised  by 
Hill,'  for  the  study  of  living  bacteria  in  solid  mc<lia  is  carried  out  as  fol- 
lows: Nutrient  agar  is  poured  into  a  Petri  dish  and  allowed  to  solidify. 
Out  of  this  layer  a  piece  about  a  quarter  of  an  inch  square  is  cut.  Thia 
is  placed  on  a  sterile  slide.  The  upper  surface  of  the  agar  block  is  then 
inoculated  with  bacteria  by  surface  smearing,  and  the  preparation 
covered  with  a  sterile  dish  and  allowed  to  dry  for  a  few  minutes  in  ihe 
incubator.    A  sterile  cover-slip  b  then  dropped  upon  the  surface  of  the 


FiQ.  14. — Hanoino  Drop  Preparation. 

block  and  sealed  about  the  edges  with  agar.  Block  and  cover-slip  are 
then  taken  from  the  slide  and  fastened  over  a  moist  chamber  with  paraf- 
fin. The  entire  preparation  can  be  placed  upon  the  stage  of  a  microsocpe. 
This  method  is  especially  designed  for  the  study  of  cell-division , 

Living  bacteria  may  also  be  studied  in  stained  preparations  by  the 
so-called  "  intravital "  method  of  Nakanishi.  Thoroughly  cleaned  slides 
are  covered  with  a  saturated  aqueous  solution  of  methylene-blue.  Thia 
is  spread  over  the  slide  in  an  even  film  and  allowed  to  dry.  After  dr)'ing 
the  slide  should  appear  of  a  transparent  sky-blue  color.  The  micro- 
organisms which  arc  to  be  examined  are  then  emulsified  in  water,  or  are 
taken  from  a  fluid  medium  and  placetl  upon  a  eover-slip.  This  is  dropped, 
face  downward,  upon  the  blue  groun '  of  the  slide.  In  this  way  bacteria 
may  be  stained  without  being  subjected  to  the  often  <lestructive  prrrf- 
esses  of  heat  or  chemical  fixation.  .Vecording  to  Nakanishi.  cytoplasm 
is  stained  blue,  while  nu<'iear  material  a-s-stimes  a  reddish  or  purplish 
hue. 

The  Study  of  Baeteiia  in  Fizscl  Preparfttiona. — Staine<l  preparations 
of  bacteria  are  best  prepared  upon  cover-slips,  the  process  con.sisting  of 
the  followingsteps:  (!)  Spreading  on  cover-slip;  (2)  drj'ing  in  air;  (3) 
fixing;  {4}  staining;   (fi)  wa-nhing  in  wafer;  (fi)  blotting;   (7)  mounting. 

(1)  Smearing. — BacU^ria  from  a  fluid  medium  arc  transferred  in  a 
small  drop  of  the  fluid,  with  a  platinum  loop,  to  a  cover-slip  and  care- 
fully spread  over  the  surface  in  a  thin  film.  If  taken  from  a  solid  medium 
a  small  drop  of  sterile  water  is  first  placed  upon  the  cover-slip  and  the 
bacteria  are  then  in  very  small  quantity  carefully  emulsified  in  this  drop 
with  the  platinum  needle  or  loop  and  spread  in  an  extremely  thin  film. 

-     >  Iim,  Jour,  of  Mi>ci,  Ri'scaroh.  vi\,  1902. 
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(2)  The  film  is  allowed  to  dry  in  the  air. 

(3)  When  thoroughly  dried,  fixation  \b  carried  out  by  passing  the 
preparation,  film  side  up,  three  times  through  a  Bunsen  flame,  at  about 
the  rate  of  a  pendulum  swing.  Fixation  by  heat  in  thie  manner  is  most 
convenient  for  routine  work,  but  is  n<St  the  most  delicate  method,  in- 
asmuch as  the  degree  of  heat  applied  can  not  be  accurately  controlled. 
The  other  methods  which  may  be  employed  are  immersion  in  methyl 
alcohol,  formalin,  saturated  aqueous  bichloride  of  mercury,  Zenker's 
fluid,  or  acetic  acid.  If  chemical  fixatives  are  used,  they  must  be  re- 
moved by  washing  in  water  before  the  stain  is  applied.  If  a  prepara- 
tion is  made  upon  a  slide  instead  of  ^  cover-slip,  passage  through  the 
flame  should  be  repeated  eight  or  nine  times. 

(4)  StaintTig. — The  dyes  used  for  the  staining  of  bacteria  are,  for 
the  greater  part,  basic  anilin  dyes,  such  as  methylene-blue,  gentian- 
violet,  and  fuchsia.  These  may  be  applied  for  simple  staining  in  5 
per  cent  aqueous  solutions  made  up  from  filtered  saturated  alcoholic 
solutions,  or  directly  by  weight.  They  are  conveniently  kept  in  the 
laboratory  as  saturated  alcoholic  solutions.  The  strengths  of  some 
saturated  solutions  are  as  follows: 


Saturated  SolvHons  '  (Stains  Gruebler  or  Merck). 

Fuehsin  (aqueous),  1.5  per  cent. 

Fuchsin  (alcohol  96  per  cent) ,  3  per  cent. 

Gentian-violet  (aqueous),  1.5  per  cent. 

Gentian-violet  (alcohol  96  per  cent),  4.S  per  cent. 

Methylene-blue  (aqueous),  6.7  per  cent. 

Methylene-blue  (alcohol  96  per  cent),  7  per  cent. 

The  staining  solution,  in  simple  routine  staining,  is  left  upon  the  fixed 
bacterial  film  for  from  one-half  to  one  and  one-half  minutes  according  to 
the  efficiency  of  the  stain  used.  Methylene-blue  is  the  weakest  of  the 
three  stains  mentioned;   gentian-violet  the  strongest. 

(5)  The  excess  stain  is  removed  by  washing  with  water. 

(6)  The  preparation  is  thoroughly  dried  by  a  blotter  or  between 
layers  of  absorbent  paper. 

(7>  A  email  drop  of  Canada  balsam  is  placed  upon  the  film  side  of 
the  dry  cover-slip,  which  is  then  inverted  upon  a  slide.  The  prepara- 
tion is  now  ready  for  microscopical  examination. 

1  After  If ood,  "  Gbemical  and  Microacopjcal  IKagnoeU,"  Appendix.    N.  Y.,  1909; 
8 
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The  chemieal  principlea  which  underlie  the  staining  process  are  still 
more  or  less  in  doubt.'  Suffice  it  to  say  here  that  most  of  the  dyes  in 
common  use  by  bacteriologiBts  and  pathologists  are  coal-tar  derivatives 
belonging  to  the  aromatic  aeries^  all  of  them  containing  at  least  one 
"benzolring"  combined  with  what  Michaelis  terms  a  "chromophore 
group,"  chief  among  which  are  the  nitro-group  (NOj),  the  nitroao-gnnip 
(NO),  and  the  azo-group  (N  =  N).  Just  what  the  actual  process  of  stidn- 
ing  consists  in,  is  a  question  about  which  various  opinions  are  held,  some 
believing  that  the  phenomenon  ia  purely  chemical,  in  which  a  salt  is 
fonned  by  the  combination  of  the  dye  and  the  protoplasm  of  the  cells, 
others  that  there  is  no  such  salt  formation,  and  that  the  process  takes 
place  by  purely  physical  means.  To  support  the  latter  view  it  is  argued 
that  certain  substances  like  cellulose  are  stainable  without  possessing 
the  property  of  salt  formation,  and  that  staining  may  often  be  accom- 
plished without  there  being  a  chemical  disruption  of  the  dye  itself. 
Michaelis  sums  up  his  views  by  stating  that  probably  both  processes 
actually  take  place.  A  dye  stuff,  as  a  whole,  may  enter  into  and  be  de- 
posited upon  a  tissue  or  cell  by  a  process  which  he  speaks  of  as  "  iosorp- 
tion,"  In  such  a  case  the  coloring  matter  may  be  subsequently  ex- 
tracted by  any  chemically  indifferent  solvent.  On  the  other  hand,  a  dye 
after  being  thus  deposited  upon  or  within  a  cell,  may  become  chemically 
united  to  the  protoplasm  by  the  formation  of  a  salt,  and  in  such  a  case 
the  color  can  be  removed  only  by  agents  which  are  capable  of  decoip- 
posing  salts,  such  as  free  acids. 

The  staining  power  of  any  solution  may  be  intensified  either  by 
heating  while  staining,  by  prolonging  the  staining  process,  or  by  the 
addition  of  alkalies,  acids,  anilin  oil,  and  other  substances  which  will 
be  mentione<l  in  the  detailed  descriptions  of  special  staining  methods. 

One  of  the  most  common  examples  of  such  an  intensified  stain 
in  the  so-called  Loeffler's  alkaline  Tnetkylene-blw!.  This  is  made  up  in 
the  following  way: 

Saturated  alooholic  solutioa  of  ntethjrlene-blue,   30  ce. 
1  :  10,009  solution  potasaium  hydnt«  in  water,  100  e.e. 

Another  solution  designed  with  a  similar  purpose  is  the  Koch-Ehrlich 
anitin-waler  solution.  Anilin  oil,  one  part,  is  shaken  up  with,  dis- 
tilled water,  nine  parts;  after  thorough  shaking,  the  mixture  is  filtered 

'  For  compreheaaive  reviews  of  the  subject,  the  reader  in  referred  to  disiertationB 
nuoli  ad  those  of  Mann  ("  Pbyaio).  Hist.  Methods  and  Theory,"  Oxford,  1902)  and 
uf  Afifhaflig  (-'  EinfUhrung  in  die'  FarlwtoETcheinie,"  etc.,  BeHia,  1902). 
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through  a  moist  fUler  paper  until  perfectly  clear.  A  saturated  alco- 
holic solutioa  of  cither  fuchun  or  gentian-violet  is  added  to  this  auilin 
water  in  proportions  of  about  one  to  ten  or  until  a  slightly  iridescent 
pellicle  appears  upon  the  surface  of  the  solution. 

\n  extremely  useful  and  very  strong  staining  solution  is  the  ZiM 
carbol-fuchsin  solutUm,  made  up  as  follows: ' 

Fuehsiu  (baaic)  I  gm. 

Aloohol  (abaolute) , 10  co. 

Five  per  cent  carbolic  acid    100  co. 

To  make  up  this  staining  solution,  mix  90  cc.  of  a  five  per  cent  aque- 
ous solution  of  carbolic  acid  with  10  c.c.  of  saturated  alcoholic '  basic 
fuchsin. 

It  may  alira  be  made  up  aa  follows; 

Weigh  out 

Baaio  fuohsiD > I  gram 

Caiboiic  aotd 5  gnuna 

Dissolve  in 

Distaied  water 100  co. 

Filter  and  add 

Absolute  alcohol 10  c.e. 


8PI0UL  STAININO   HITH0D8 

Bpen  Staini. — Abbott's  Methoo.' — Cover-sUps  are  smeared  and 
fixed  by  heat  in  the  usual  manner. 

Cover  with  Loeffler's  alkaline  mcthylenc-bluc  and  heat  the  staui 
imtil  it  boils,  repeat  the  heating  at  mtervab  but  do  not  boil  continuously. 
Keep  this  up  for  one  minute. 

lUnse  in  water. 

Decolorize  with  a  mixture  of  alcohol  eighty  per  cent  98  c.c.  and  nitric 
acid  2  c.c,  until  all  blue  has  disappeared. 

Rinse  in  water. 

Dip  from  three  to  five  seconds  tn  saturated  alcoholic  solution  of 
eosin  10  c.c,  and  water  90  c.c. 

Rinse  in  water,  blot,  and  mount  in  balsam. 

By  this  method  the  spores  are  stained  blue,  the  bodies  of  the  bacilli 
are  stained  pink. 

'ZteW,  Deut-nwd.  Woch.,  1882.  M»o«,  "Prin.  of  Bact.,"  Phfla.,  1905. 
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Mokller's  Method.' — Cover^ps  are  prepared  as  usual  aad  fixed 
in  the  flame. 

Wash  in  chloroform  for  two  miuutes. 

Wash  in  water. 

Cover  with  five  per  cent  chromic  acid  one-half  to  two  minutes- 
Wash  in  water.  Invert  and  float  cover-slip  on  carbol-fuchsin  solu- 
tion in  a  email  porcelain  dish  and  heat  gently  with  a  flame  until  it  steams; 
continue  this  for  three  to  five  minutes.  (This  step  can  also  be  done  by 
covering  the  cover-glass  with  carbol-fuchsin  and  holding  over  fiame.) 

Decolorize  with  five  per  cent  sulphuric  acid  five  to  ten  seconds. 

Wash  in  water. 

Stain  with  aqueous  methylcne-blue  one-half  to  one  minute.  By 
this  method  spores  will  be  stained  red,  the  body  blue. 

O^MoIe  Staiu. — Welch's  Method.* — Cover-slips  are  prepared  as 
usual  but  dried  without  heat. 

Cover  with  glacial  acetic  acid  for  a  few  seconds.  Pour  off  acetic  acid 
and  cover  with  anilin  water  gentian-violet,  renewing  stain  repeatedly 
until  lUl  acid  is  removed.  This  is  done  by  pouring  the  stain  on  and  off 
three  or  four  times  and  then  finally  leaving  it  on  for  about  three  minutes. 

Wash  in  two  per  cent  salt  solution  and  examine  in  this  solution. 

Hiss'  Methods.' — (1)  Copper  Sulphate  Method. — Cover-slip  prepara- 
tions are  made  by  smearing  the  organisms  in  a  drop  of  animal  serum, 
preferably  beef-blood  serum. 

Dry  in  air  and  fix  by  heat. 

Stain  for  a  few  seconds  with — 

Saturated  alcoholic  solution  of  fuchsin  or  gentian-violet  5  cc,  in 
,  distilled  water  95  c.c. 

The  cover-slip  is  flooded  with  the  dye  and  the  preparation  held  for  a 
second  over  a  free  Hame  until  it  steams. 

Wash  oft  dye  with  twenty  per  cent  aqueous  copper  sulphate  soiutiou. 

Blot  (do  not  wash). 

Dry  and  mount. 

By  this  method  permanent  preparations  are  obtained,  the  capsule 
appearing  as  a  faint  blue  halo  around  a  dark  purple  cell  body. 

Huntoon's  Capsule  Stain  (applicable  only  to  cultures,  not  to 
animal  exudates). — This  depends  upon  the  preeipitatii^  action  of 
lactic  acid  on  nntrose.     Requires  two  solutions. 

>  lUoeOer,  Cent.  f.  Bi^t.,  I,  x,  1891. 

*  Weteh,  Johns  Hopkins  Hoep.  Bull.,  1892,  iii,  SI. 

'  Hiu,  Cent.  f.  Bakt.,  nui,  1902^  Jour.  Exper.  Med.,  vi,  1005. 
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1.  DOaent.— 3  ptx  cent  solution  tA  nutroee  in  distilled  water;  pl&ce  in  Aniold  one 
hour,  add  a  small  amount  of  carbolic  ae  preservative,  and  allow  to  settle. 

2.  Stain  and  fixative. — 2  percent  carbolic,  100  c.c;  concentrated  lactic  acid,  0.6 
cc;  1  per  cent  acetic  acid,  I  c.c;  saturated  alcoholic  acriutioD  basic  fucbsin,  1  c.c; 
carbol  fuchsin,  1  c.c 

Aa  to  the  dye  emi^i^ed,  most  anything  but  methylene  blue  or  Bismarck  brown 
may  be  used.  Methyl  violet  gives  the  most  beautiful  results  but  is  not  pennanent 
and  will  not  pbotogr^ih.  I  have  found  the  above  mixture  the  beet  fw  datsroom 
woric 

Mate  a  thin  film,  employing  solatioD  1  as  diluent.  Dry  in  air.  Do 
not  fix.  Cover  with  stain  30  seconds.  Wadi  in  water,  dry,  and 
examine. 

Bugrgbr'3  Mbiuod.' — Cover-elip  preparationB  are  made  by  smear- 
ing in  serum  as  in  Hiss'  method. 

As  the  edges  of  the  smear  begin  to  dry,  pour  over  it  Zenker's  fluid 
(without  acetic  acid)  and  warm  in  flame  for  three  seconds. 

(Zenker's  fluid  is  composed  of  potassium  bichromate  2.5  gm., 
sodium  sulphate  1  gm.,  water  100  c.c,  saturated  with  bichloride  of 
mercury.) 

Wash  in  water. 

Flush  with  ninety-five  per  cent  alcohol. 

Cover  with  tincture  of  iodin,  U.  S.  P.,  one  to  three  minutes. 

Wash  with  ninety-five  per  cent  alcohol. 

Drj-  in  the  air. 

Stain  with  anilin  water  gentian-violet  two  to  five  seconds. 

Wash  with  two  per  cent  salt  solution. 

Mount  and  examine  in  salt  solution, 

Wadsworth's  Method.'— Wadsworth  has  devised  a  method  of 
staining  capsules  which  depends  upon  the  fixation  of  smears  with  forma- 
lin. After  such  fixation  capsules  may  be  demonstrated  both  with  simple 
stains  and  by  Gram's  method.    The  technique  is  as  follows: 

Smear  preparations,  made  as  usual,  are  treated  as  follows: 

1.  Formalin,  40  per  cent,  two  to  five  minut«a. 

2.  Wash  in  wat«r,  five  seconds. 

Simple  E^tain.  ]>tmRKNnAi.  Stain  (Onun's  Uethod). 

3.  Ten  per  cent  aqueous  gentian- violet.  S.  Anilin  gentian- violet,  two  minutes. 

4.  Wash  water,  five  seconds.  4,  Iodin  solution,  two  minutes. 

5.  Dry,  mount  in  balsam,  5.  Alcohol,  95  per  cent,  decotoriie. 

6.  Fuchsin,  dilute  aqueous  solution, 

7.  Wash  water,  two  seconds. 

8.  Dry,  mount  in  balsam. 

>  Baerga;  Hed,  News,  Dec.,  1004  '  Wndmrorlh,  Jour,  Inf.  IMs.,  1006. 
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It  is  important  that  the  formalin  be  fresh  and  the  exposure  to 
water  momentary.  When  decolorizing  in  the  Gram  method,  strong 
alcohol  only  i^hould  be  used.  Wadsworth  also  found  that  encapaulatod 
pneumococci  could  be  demonstrated  in  celloidin  soctions  of  pneumonic 
lesions  hardened  in  strong  formalin.  The  lungs  should  be  distended  with 
the  formalin  or  the  lesions  cut  in  very  thin  bits,  hardened,  dehydrated, 
embedded,  and  cut  in  the  usual  way.  The  celloidin  sections  may  be  fixed 
on  the  shdes  by  partially  dissolving  the  celloidin  in  alcohol  and  ether 
and  setting  the  celloidin  quickly  in  water  before  staining.  Failure  to 
obtain  pneumococci  encapsulated  in^such  sections  is  usually  due  to 
improper  or  inadequate  fixation  in  the  formalin. 

The  differential  method  employed  by  Wadsworth  for  tissue  staining 
is  as  follows: 

I.  Fix  in  formalin  forty  per  cent,  two  U>  five  minutes. 
'  2.  Wash  in  wat«r. 
.1.  Anilin  );entian-violRt,  two  minutes. 

4.  lodin  Holution,  two  minutna. 

5.  Aleoliol,  ninety-five  per  (wnt,  deeoloriie, 
A.  likNiin  alcohol,  eounteratain. 

7.  Clear  in  oil  of  origanum. 

6.  Hoi^it  in  halnain. 

Plagella  Staiiu. — AH  flagella  stains,  in  order  to  be  successful,  neces- 
sitate particularly  clean  cover-slip  preparations,  best  made  from  young 
agar  cultures  emulsified  in  sterile  salt  solution.  Scrupulous  care  should 
be  exercised  in  cleaning  the  glaasware  used. 

LoEFFLEit's  Method.' — The  preparation  is  dried  in  the  air  and  fixed 
by  heat.    It  is  then  treated  with  the  following  mordant  solution: 

Twenty  per  cent  aqueous  tannic  arid 10  parts. 

FerrouE  sulphate  aq.  sol.  saturated  at  room  temperature .  5  pwto. 
Saturated  alcoholic  fuchsin  solution I  put. 

This  solution,  which  should  be  freshly  filtered  before  using,  is 
poured  over  the  cover-glass  and  allowed  t.o  remain  there  for  one-half 
to  one  minute,  during  which  time  it  should  be  gently  heated,  but  not 
allowed  to  boil. 

Wash  thoroughly  in  water. 

Stain  with  five  per  cent  anilin  water  fuchsin  or  anilin  water  gen- 


■  Lotffitr,  Cent.  f.  Bakt.,  I,  vi,  ISSS. 
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ti&n-vit^t  made  slightly  alkaline  by  the  addition  of  one-tenth  per  cent 
sodium  hydrate. 

The  stain  should  be  filtered  directly  upon  the  cover-slip.  Warm 
gently  and  leave  on  for  one  to  two  minutes.  Wash  in  water.  Mount  in 
balsam. 

Van  RfOfENfiRH's  Mbthod.* — ^This  method  requires  the  preparation 
of  three  solutions. 

(1)  Twenty  per  cent  tannic  acid  solution 60  C.c. 

Two  per  cent  ostnic  acid  solution 30  c.c 

Gladal  acetic  ucid 4-S  drops. 

The  cover-slip  carrying  the  fixed  preparation  is  placed  in  this  solu- 
tion for  one  hour  at  room  temperature,  or  for  five  minutes  at  100°  C. 
(boiling). 

Wash  in  water. 

Wash  in  absolute  alcohol. 

Immerse  the  cover-slip  for  one  to  three  seconds  in 
(2)  Silver  nitrate,  0.25-0.5  per  cent  solution. 

Without  washing,  transfer  to 

(3)  Gallic  add 6  gni. 

Tannic  acM 3    " 

Fused  potaauum  acetate 10    " 

Distilled  water 350  c.c 

Immerse  in  thb  for  a  few  minutes,  moving  the  cover-slip  about. 

Ketum  to  the  silver  nitrate  solution  until  the  preparation  turns 
black. 

Wash  thoroughly  in  water. 

Blot  and  mount. 

Buttb's  Modification  or  Pitfibld's  Method,' — A  saturated  solu- 
tion  of  bichloride  of  mercury  is  boiled  and  is  poured  while  still  hot  into  a 
bottle  in  which  crystals  of  ammonia  alum  have  been  placed  in  quantity 
mote  than  sufficient  to  Hatiirat^  the  fluid.  The  bottle  is  then  shaken  and 
allowed  to  cool.  Ten  c.c.  of  this  solution  are  added  to  10  c.c.  of  freshly 
pr^urejl  ten  per  cent  tannic  acid  solution.  To  this  add  5  c.c.  carbol- 
fuchsin  solution.     Mix  and  fitter. 

To  stain,  filter  the  above  mordant  directly  upon  the  fixed  cover-slip 

'  Fan&iiiefi5mn,Cent,t,Bakt.,I,xv,18W- 
'SfRtU,  Brit  Hc*l.  Jour.,  I,  1901,  p.  205. 
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preparation.    Heat  gently  for  three  minutes,  but  do  not  allow  to  bmL 
Wash  in  water  and  stain  with  the  following  solution: 


Filter  the  stain  directly  upon  the  preparation  and  heat  for  three  or  four 
minutes.    Wash  in  water,  dry,  and  mount  in  b^aam. 

Diffwnitial  Staiiu. — Ciram'b  Methoi>.' — By  this  method  of  staining, 
which  is  extremely  important  in  bacterial  differentiation,  bacteria  are 
divided  into  those  which  retain  the  initial  stain  and  those  which  are 
subsequently  decolorized  and  take  the  counterstain.  The  former  are 
often  spoken  of  as  the  Gram-positive,  the  latter  aa  Gram-negative 
bacteria. 

Preparations  are  made  on  cover-alips  or  slides  in  the  usual  way. 

The  preparation  is  then  covered  with  an  anilin  gentian-violet  bo1u> 
tion  which  is  best  made  up  freshly  before  use. 

The  staining  fluid  is  made  up,  according  to 'Gram's  original  direc- 
tions,* as  follows: 

Five  c.c.  of  anilin  oil  are  shaken  up  thoroughly  with  12j  c.c.  of  dis- 
tilled water.    This  solution  is  then  filtered  through  a  moist  filter  paper. 

To  108  c.c.  of  this  anilin  water,  add  12  c.c.  of  a  saturated  alcoholic 
solution  of  gentian-violet.  The  stain  acts  best  when  twelve  to  twenty- 
four  hours  old,  but  may  be  used  at  once.  It  lasts,  if  well  stoppered,  for 
three  to  five  days.  A  more  convenient  and  simple  method  of  making  up 
the  stain  is  as  follows : 

To  10  c.c.  of  distilled  water  in  a  test  tube  add  anilin  oil  until  on 
shaking  the  emulsion  is  opaque;  roughly,  one  to  ten.  Filter  this  through 
a  wet  paper  until  the  filtrate  is  clear.  To  this  add  saturated  alcoboUc 
solution  of  gentian-violet  until  the  mixture  is  no  longer  transparent, 
and  a  metallic  film  on  the  surface  indicates  saturation.  One  part  of 
alcoholic  saturated  gentian-violet  to  nine  parte  of  the  anilin  water 
will  give  this  result^  This  mixture  may  he  used  immediately  and  lasts 
two  to  five  days  if  kept  in  a  stoppered  bottle. 

Cover  the  preparation  with  this;  leave  on  for  5  minutes.  Pour  off 
excess  stain  and  cover  with  Gram's  iodin  solution  for  2  to  3  minutes. 


o  iodid 2  gm. 

DirtiUed  water 300  co. 

■  Gram,  FoHocbr.  d.  Med.,  ii,  1884.  *  Oram,  kw.  dU 
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Decolorize  with  ninety-seven  per  cent  alcohol  until  no  further  traces 
of  the  stain  can  be  washed  out  of  the  preparation.  This  takes  usually 
thirty  seconds  to  two  minutes,  according  to  thinness  of  preparation.- 

Wash  in  water. 

Count«rstain  with  an  aqueous  contrast  stain,  preferably  Bismarck 
brown.* 

PALTAtir's  Modification  of  Gram's  Stain.* — The  staining  fluid  as 
prepared  by  this  modification  possesses  the  advantage  of  retailing  its 
staining  power  for  a  longer  period  than  does  the  anilin-water  gentian- 
violet  described  in  the  original  method. 

The  st^nii^  fluid  is  prepared  as  follows: 

3-5  c.c.  snitin  oil  are  added  to 
90  c.c.  distilled  water  and 
7  c.c.  absolute  alcohol. 

This  mixture  is  thoroughly  shaken  and  filtered  throu^  a  moist 
filter  paper  until  clear.     Then  add: 

Gruebler's  gentian-violet  2  gm. 

The  fluid  should  stand  twenty-four  hours,  durii^  which  a  precipi- 
tate forms.    This  is  filtered  before'  use. 

This  gentian-violet  solution  rettnhs  its  staining  power  for  from  4  to  6 
weeks.    It  is  good  only  when  a  metallic  luster  develops  on  the  surface. 

It  is  used  in  the  following  way:  Spreads  on  cover-slips  or  slides  are 
dried  and  fixed  as  usual.       -a.   <  -.t. 

Then  apply: — 

Anilin-water  gentian-violet  (as  above),  three  minutes. 

Gram's  iodin  solution,  two  minutes. 

Absolute  ^cohol  (with  stirring),  thirty  seconds 

Counterstain,  without  washing  in  water,  in  aqueous  fuchsin  or  in 
weak  carbol-fuchsin. 

Stebung's  Modification  op  Grau^s  Mbthod. — 2  c,c,  anilin  oil  -f- 
10  C.C.  95%  alcohol.  Shake  and  add  88  c.c.  distilled  water.  5  grams 
gentian  violet  arc  ground  in  a  mortar  and  the  anilin  solution  added 
slowly  while  grinding.  Filter.  This  solution  keeps,  and  st^ns  in  one- 
half  to  one  minute. 


'  To  make  up  Bismarck  brown  solution,  prepare  a  saturated  aqueous  solution  of 
the  powdered  dye  by  heating.    Cool  and  filter.    Dilute  1  lo  10  with  distilled  water. 
*Shamo»ks,  Proc.  N.  Y.  Pathol.  Soc.,  Oct.,  1909,  n.  s.,  bt,  5. 
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Classification    of   the    Most    Important   Pathogbnic   Bacteria 
According  to  Gram's  Stain. 


Gram-positive. 

{Retain  the  Gentian-vialet.) 

Micrococcue  pyogenes  aureus 

Micrococcus  pyogenes  aibufl 

Streptococcus  pyogenes 

Micrococcus  tetragenus 

PneumococcuB 

Bacillus  subtilis 

Bacillus  anthr&cis 

Bacillus  diplitheriffi 

Bacillus  tetanus 

Bacillus  tuberculosis  and  other 

acid-fast  bacilli 
Bacillus  aerogenes  capsulatus 
Bacillus  botulinus 


Gram-negative. 

{Take  Counterstain.) 

Meningococcus , 
Gonococcus 
Micrococcus  catanlialia 
Bacillus  coli 
Bacillus  dy^enteris 
Bacillus  typhosus 
Bacillus  paratyphoflUs 
Bacillus  fecaliB  alkaligenes 
Bacillus  enteritidis 
Bacillus  proteus  (proteus) 
Bacillus  mallei 
Bacillus  pyocyaneus 
Bacillus  influenzae 
Bacillus  mucosus  capsulatufl 
Bacillus  pestis 
Bacillus  maligni  cedematia 
Spirillum  choIersB 
Bacillus  Koch-Weeks 
Bacillus  Morax-Axeufeld 


Staini  Ut  Add-Fiat  Baetoria. — These  methods  of  staining  are  chiefly 
useful  in  the  demonstration  of  tubercle  bacilli.  These  bacteria  because 
of  their  waxy  cell  membranes  are  not  easily  stiuned  by  any  but  the  most 
intensiEed  dyes,  but  when  once  stained,  retain  the  color  in  spite  of  ener- 
getic decolorization  with  acid.  For  this  reason  they  are  known  as  acid- 
fast  bacilli.  The  first  method  devised  for  the  staining  of  tubercle 
and  allied  bacilli  was  that  of  Ehrlich. 

Ehrlich  Method.' — ^This  method  is  now  rarely  used.  Cover-dip 
preparations  are  prepared  as  usual  and  fixed  by  heat. 

Stain  with  anUin  water  gentian-violet,  hot,  three  to  1^  minutes, 
or  twenty-four  hours  at  room  temperature. 

'Ehrtidi,  Dvul.  inuO.  Wuch,.  1SS2 
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Deeolorize  with  thirty-thiee  per  cent  nitric  acid  one-half  to  one 
minute. 

Treat  with  sixty  per  cent  alcohol,  until  no  color  can  be  seen  to  come 
off. 

Counterstain  with  aqueous  methylene-blue. 

Rinse  in  water,  dry,  and  moimt. 

Ziehl-Nbelson  Ubthod.' — Thin  smears  are  made  upon  cover* 
slips  or  slides. 

Fix  by  heat. 

Stain  in  carbol-fuchun  solution  as  given  on  page  97.  The  slide 
or  cover-slip  may  be  flooded  with  the  stain,  and  this  gently  heated  with 
the  flame  until  it  steams,  or  else  the  cover-slip  may  be  inverted  upon 
the  surface  of  the  stuning  fluid,  in  a-porcelain  dish  or  watch-glass,  and 
this  heated  until  it  steams.  This  is  continued  for  three  tu  five  min- 
utes. Decolorize  with  either  five  per  cent  nitric  acid,  five  per  cent 
mlpburic  acid,  or  one  per  cent  hydrochloric  acid  for  three  to  five 
seconds.  The  treatment  with  the  acid  is  continued  until  subsequent 
washing  with  water  will  give  only  a  faint  pink  color  to  the  preparation. 

Wash  with  ninety  per  cent  alcohol  until  no  further  color  can  be  re- 
moved. If,  after  prolonged  washing  with  alcohol,  a  red  color  still  re- 
mains in  veiy  thick  places  upon  the  smear,  while  the  thin  areas  appear 
entirely  decolorized,  this  may  be  disregarded. 

Wash  in  water  and  counterstain  in  aqueous  methylene-blue  for 
one-half  to  one  minute. 

Rinse  n  water,  dry,  and  mount. 

By  this  method  the  tubercle  bacilli  are  colored  red,  other  bacteria 
and  cellular  elements  which  may  be  present  are  stained  blue. 

Gabbet's  Method.' — Gabbet  has  devised  a  rapid  method  in  which 
Uie  decoloHKation  and  countcrstaining  are  accomplished  by  one  solu- 
tion. The  specimen  is  prepared  and  stained  with  carbol-fuchsin  as  in 
the  preceding  method.  It  is  then  jmmersed  for  one  minute  directly  in 
the  following  solution: 

H»Ui7)ene-blue Zgms. 

Sulphuric  add  26  per  cent  (fip.gr.  1018) 100  c.c 

Then  rinse  in  water,  dry,  and  mount. 

This  method,  while  rapid  and  very  convenient,  is  not  so  reliable  as 
the  Ziehl-Neelson  method. 

>  ZiM,  Dnit.  med.  Woch.,  1882;  Ntdtan,  DeoL  med.  Woch.,  188a 
tO^bM,  lADcet,  1887. 
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Pafpbnhbim's  Method,' — The  method  of  F&pp^iheim  is  devieed 
for  the  purpose  of  differentiating  between  the  tubercle  bacillus  and  the 
smegma  bacillus.  Confusion  may  occasionally  arise  between  these  two 
microorganisms,  especially  in  the  examinatiun  of  urine  where  smegma 
bacilli  arc  derived  from  the  genitals,  Euid  less  frequently  in  the  examina- 
tion of  sputum  where  smegma  baciUi  may  occasionally  be  mixed  with 
the  secretions  of  the  pharynx  and  throat. 

Preparations  are  smeared  and  fixed  by  h^at  in  the  usual  way. 

Stain  with  hot  carbol-fuchsin  solution  for  two  minutes. 
■  Pour  off  dye  without  washing  and  cover  with  the  following  mixture: 

Coralliu  (ponolip  aciil)   1  gm. 

Absolute  alcohol 100  c.c. 

Melhylene-b)ue  added  to  xitturalinn 

Add  glycerin  ' 20  c.c- 

Thia  mixture  is  poured  on  and  drained  off  slowly,  the  procedure  being 
repeated  four  or  five  times,  and  finally  the  preparation  U  washed  in 
water.  The  combiniition  of  alcohol  and  rosolic  acid  decolorizes  the 
smegma  bacilli,  but  leaves  the  tubercle  bacilli  stained  bright  red. 

BuNtiE  AND  Trautenroth  METHOD.' — This  method  is  designed  to 
differentiate  between  the  tubercle  and  smegma  bacilli. 

Smear  and  fix  by  heat  in  the  usual  way. 

Wash  with  absolute  alcoliol  to  remove  fat. 

Treat  with  five  i«>r  cent  chromic  acid  for  fifteen  minutes. 

Wash  in  several  changes  of  wat«r. 

Stain  with  hot  carhol-fuchsin  for  five  minutes. 

Decolorize  with  sixken  per  cent  sulphuric  acid  for  three  minutes. 

Counterstain  with  alcoholic  mcthylene-blue  for  five  minutes. 

Wash  in  water,  dry,  and  mount. 

By  this  metho4l  the  tubercle  bacillus  remains  red,  the  smegma  bacil- 
lus is  decolorized. 

Baumgartkn's  Method.*— This'  method  is  recommended  by  the 
author  for  differentiation  between  the  baiullus  of  tuberculosis  and  the 
bacillus  of  leprosy  and  depends  upon  the  fact  that  the  tulwrcle  bacillus 
is  leas  easily  stainetl  than  Bacillus  leprji. 

Smears  are  prepared  and  fixed  by  heat  in' the  usual  way. 


>  Pappenheim.  Berl.  kiin.  Woch..  1898. 

»Tlie  Klycerin  is  added  after  the  other jxinstitiienbi  havp  henn  mixed. 
'  lluage  und  rmu/enmrt,  Forlschr.  d.  Med.,  xiv,  1896. 

>  Bauingaiirn,  Zeit.  f.  wiwunsch.  Mikrosk.,  1,  1884. 
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Stain  in  dilute  alcoholic  fucbsin  for  five  minutes. 

Decolorize  for  twenty  seconds  in  alcohol,  ninety-five  per  cent,  ton 
parts,  nitric  acid  one  part. 

Waah  in  water. 

Counterstain  in  methylene-blue. 

Wash  in  water,  dry,  and  mount. 

The  tubercle  bacillus  should  be  blue  and  the  bacillus  of  leprosy  red. 

Sfwcial  Stiing  for  Polv  Bodiu.—These  staining  methods  are  designed 
to  bring  into  view  polar  bodies  as  found,  for  instance,  in  the  bacilli  of 
diphtheria  and  plague. 

Neisber's  Method.* — Smear  and  fix  in  the  usual  manner^ 

Stain  for  two  to  five  seconds  in  the  following  solution : 

Hethylene-blue 1  gm. 

Absolute  alcohol 20  c.e. 

Glacial  ac«tic  arid   50  c.c. 

Distilled  water ]  flOO  c.c. 

Wash  in  water. 

Counterstain  in  two  per  cent  aqueous  Bismarck  brown  solution  for 
five  seconds. 

By  this  method  polar  bodies  are  stained  blue,  while  the  bacillary 
bodies  are  stained  brown. 

Roux's  Method.' — Two  solutions  arc  necessary. 

(1)  Dahlia  violet I  gm, 

AlcoholtSO  per  cent 10  c.c. 

Aqiia  destillata  ad 100  c.c. 

(3)  Methyl-gpeen , 1  gm. 

Alcohol  90  per  cent "    10  c.c. 

Aqua  deetiUata  ad 100  c.c. 

Before  use,  one  part  of  solution  No.  1  is  mixed  with  three  parts  of 
solution  No.  2,  The  preparation  is  stained  with  the  mixture  for  two 
minutes  in  the  cold. 

Polyduome  Statau. — The  various  polychrome  stains  are  of  value  to 
the  bacteriologist  chiefly  for  the  staining  of  pns  and  exudates  where  the 
relation  of  bacteria  to  cellular  elements  is  to  be  demonstrated.  They 
are  also  extremely  useful  in  the  study  of  fixed  specimens  of  protoBoan 
parasites.    There  is  a  lai^  number  of  these  stains  in  use;  a  few  only, 

■  Neimer,  Zeit.  f.  Hyg.,  xxiv,  1897. 

■  Boux  and  Yenin,  Annal.  de  rinat.  Past.,  1890, 
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however,  can  be  given  here.  In  principle,  all  tbeae  stains  depend  uptm  a 
combination  of  eoaiu  and  methylene-blue,  tbeae  elements  staining  not 
only  B8  units,  but  acting  together  in  combinatitm.  One  and  the  game 
solution,  therefore,  contains  at  least  three  elements  which  color  the 
various  structures  of  the  preparation  selectively. 

Jbnnbr's  Meihod.' — ^This  stain,  because  of  its  simplicity,  is  useful 
for  routine  use.  It  is  made  up  as  follows:  Equal  parts  of  eosin  (Gruebler, 
"  W.  G.")  one  and  two-tenths  per  cent  aqueous  solution,  and  methyleuc- 
blue  (medicinal,  Gruebler)  one  per  cent  aqueous  solution,  are  mixed  and 
allowed  to  stand  for  twenty-four  hours.  A  coarse  gr&nul&r  precipitate 
is  formed  which  appears  dark,  with  a  metallic  luster  on  its  surface.  This 
is  separated  by  filtration  and  washed  with  distilled  water  until  the  H- 
trate  appears  almost  clear. 

To  make  up  the  stain  0.5  gram  of  the  dry  precipitate  is  dissolved 
in  100  c.c.  of  methyl  alcohol. 

In  using  the  stain,  preparations  are  not  fi-xed,  but  simply  dried  in 
the  air  and  immersed  in  the  stain  for  one  to  two  minutes,  .\ftcr  this, 
wash  in  distilled  water  and  examine. 

Wright's  Moi>ific\tion  of  Leishman's  Method.* — A  one  per  ceat 
solution  of  methylene-blue  (Gruebler)  in  five-tenths  per  cent  solution  of 
sodium  bicarbonate  in  distilled  water  is  steamed  in  a  sterilizer  at  100° 
C.  for  one  hour.  Alter  this  has  cooled,  a  one-tenth  per  cent  aqueous 
solution  of  eosin  (Gruebler,  W.  G.)  is  added  until  a  metallic  scum  ap- 
pears on  the  surface  of  the  mixture.  (About  five  parts  of  eosin  solution 
to  one  of  methylene-bhie  is  necessary.)  The  precipitate  wfai<^  forms  b 
collected  by  filtration,  dried,  and  a  saturated  solution  tlTen  made  in 
methyl  alcohol.  This  is  filtered  and  diluted  with  one-quarter  its  bulk 
of  methyl  alcohol. 

To  stain,  cover  the  dried  preparation  with  the  stain  for  one  to 
one  and  one-half  minutes.  Dilute  by  dropping  upon  the  stain  distilled 
water  from  a  pipette  until  a  metallic  film  appears  upon  the  top.  Leave 
this  on  for  three  to  fifteen  minutes.    Wash  in  distilled  water. 

Gibmsa's  Method.*— The  method  of  Giemsa  is  really  a  modification 
of  the  Romwiowsky  method.  It  is  widely  applicable,  being  of  great 
value  in  the  staining  of  the  Spirochate  pallida,  Vincent's  spirilla,  pro- 
tosoa,  and  Negri  bodies.    The  stain  has  been  modified  several  times  by 

■  /muHT,  Laiuwt.  i,  1889. 

■  (FrifrAi,  Jour.  Hed.  lUsearcfa.  ii,  1902. 
»Oim»a,  Gent  [.  Bakt.,  I,  xxxvii,  IIXH. 
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its  originator,  the  following  being  the  formula  given  by  him  in  1904: 
The  subBtance  referred  to  as  asur  II  and  purchasable  under  that  name, 
consistB  of  pure  metbylenazur  chloralhydrate  combined  vith  an  equal 
quantity  of  methylene-blue  chloralhydrate.  The  substance  referred  to 
as  axur  Il-eosin  is  a  combination  of  this  substance  with  eosin. 
The  staining  fluid  is  made  Mp  as  follows:' 


This  mixture  is  thoroughly  dried  over  sulphuric  acid  in  a  desiccator, 
finely  powdered,  and  rubbed  through  a  fine  sieve.  It  is  then  dissolved  in 
250  gms.  of  C.  P.  glycerin  (Merck),  at  60°  C.  To  this  k  added  methyl 
alcohol  (Kahlbaum)  250  c.c,  previously  wanned  to  60°  C  This  mix- 
ture 18  well  shaken  and  allowed  to  stand  at  room  temperature  for 
twenty'^our  hours.    The  mixture  is  now  ready  for  use. 

For  use  10  c.c.  of  distilled  water  are  poured  into  a  test  tube  and 
(me  to  two  drops  of  a  oae  per  cent  potassium  carbonate  solution  are 
added.  T&a  drops  of  the  staining  solution  described  above  (one  drop  to 
the  c.c.)  are  mixed  with  this  sli^tly  alkaline  water.  The  preparation 
which  is  to  be  stained  is  fixed  in  methyl  alcohol,  dried,  and  covered  with 
the  diluted  stainbg  solution.  For  the  stuning  of  protozoa  and  ex- 
udates containing  bacteria,  ten  to  fifteen  minutes  are  sufBcient.  For 
the  staining  of  Negri  bodies  or  Spirochicte  pallida,  one  or  more  hours 
ot  stuning  should  be  employed.  After  staining,  wash  in  running  tap 
water  and  blot. 

Wood's  Hbthod.* — Wood  has  devised  a  simple  staining  method 
based  on  the  principles  of  the  Giemsa  stain,  in  which  atur  II  and  eosin 
may  be  used  in  separate  solutions.  Preparations  are  fixed  in  strong 
methyl  alcohol  for  five  minutes  and  are  then  stained  in  a  0.1  per  cent 
aqueous  solution  of  eosin  until  the  preparation  is  pink.  The  eosin  is 
then  poured  off  and  the  preparation  is  covered  with  a  0.25  per  cent 
aqueous  solution  of  azur  II  for  one-half  to  two  minutes.  Following  this, 
it  is  washed  in  tap  water  and  dried  by  blotting. 

When  an  intense  stun  is  desired,  the  solution  of  eosin  and  azur  11 
may  be  flooded  over  the  preparation  together,  using  an  excess  of  azur 
II.  They  are  then  left  on  from  five  to  ten  minutes.  At  the  end  of  this 
time  washing  and  drying  as  before  completes  the  process. 

<  It  ■  best  not  to  attempt  to  make  up  the  undiluted  ataining  6uid.  since  ihia  la 
pnrdwaabfe  under  the  name  of  "Qieaiaa  Lteung  far  Ronunowaky  Fftrbung." 
•  IFimf,  Hed.  Nmn,  83,  1S08. 
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The  Statnfnj:  ot  But«iift  in  TImom.— The  preparation  of  tissue  for 
bacterial  staining  is,  in  general,  tlie  same  as  that  employed  for  purposes 
of  cellular  studies,  in  histology.  For  bacteriological  studies  the  most 
useful  fixative  is  alcohol;  other  fixations,  such  as  that  by  formalia, 
Zenker's  fluid,  or  Mueller's  fluid,  give  less  satisfaction.  In  other  respects 
the  details  of  dehydration  and  embedding  are  the  same  as  those  used  in 
histological  studies,  except  that  it  is  desirable  that  the  tissues  should  be 
handled  rather  more  carefully  than  is  necessary  for  ordinary  patholog- 
ical work,  and  the  changes  from  the  weaker  to  the  stronger  alcohols 
should  be  made  less  abruptly.' 

Embedding  in  paraffin  is  preferable  to  celloidin,  although  the  latter 
method  is  not  unsuccessful  if  carefully  carried  out.  The  chief  disadvan- 
tage.s  of  cclloi<Iin  are  the  retention  of  color  by  the  celloidin  itself  and  the 
con.sequent  uncleamess  of  differentiation.  It  is  also  easier  to  cut  thin 
sections  from  paraffin  blocks  than  from  those  prepared  with  celloidin. 

When  staining  tissue  sections  for  bacteria,  it  is  most  convtsnient 
to  carry  out  the  process  with  the  section  attached  to  a  slide.  For  cel- 
loidin sections  this  may  be  accomplished  by  means  of  ether  vapor.  For 
parafiin  sections  it  is  necessary  to  cover  the  slide  'Wth  an  extremely  thin 
layer  of  a  filtered  mixture  of  equal  quati titles  of  e^  albumin  and  glycerin, 
to  which  a  small  crystal  of  camphor  or  a  drop  or  two  of  carbolic  acid 
has  been  added.  The  sections  are  then  floated  upon  a'stideso  prepared, 
and  set  away  in  the  thcrmowtat  for  fbur  or  five  hours. 

Loeffler's  Method.' — ^Stain  in  alcoholic  mcfhylcne-blue  solution 
five  to  fift<^n  minutes,  or  in  rx>effler'K  alkaline  methylene-blue  solution 
one  to  twenty-four  hours. 

Wash  in  one  to  one-thousand  acetic  acid  solution  for  about  ten 
seconds. 

Treat  with  absolute  alcohol  by  pouring  the  alcohol  over  the  prepara- 
tion for  ten  to  twenty  seconds. 

Clear  with  xylol. 

Mount  in  balsam. 

When  celloidin  sections  are  stained  in  this  way  ninety-five  per  cent 
alcohol  should  be  substituted  for  the  absolute.  A  number  of  other 
staining  solutions  may  be  used  in  the  same  way,  aqueous  fachsin  of 
aqueous  gentian- violet  yielding  good  result. 


'  I'or  details  nf  such  work  refercnrc  nhoukl  be  had  to  the  standard  l«xtbookB  o 
path[ili>K>cal  technique,  notably  the  very  oxrellent  one  of  Malloi?  and  Wright. 
'  Lorjfler,  Milt.  a.  d.  kais.  GenundhpitHamt,  M,  1884. 
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Nicolle  advises  the  use  of  a  ten  per  cent  aqueous  solution  of  tannic 
ucid  for  a  few  seconds  after  washing  witli  the  acetic  acid. 

Sections  may  also  be  stained  by  placing  them  over  night  into  a 
dilut«  Giemsa  solution  (one  drop  to  each  c.c.  of  distilled  water).  When 
so  Btoined  the  sections  must  not  be'  run  through  the  weaker  alcohols 
but  must  be  rapidly  differentiated  in  absolute  alcohol. 

Method  of  Staining  Gram-Positive  Bacteria  in  Tissue  Sections. 
— Ceiloidin  Setiions. — After  fixing  section  to  the  slide  by  pressure  with 
a  filter  paper  or  by  ether  vapor,  cover  with  anilin-water  gentian-violet 
five  minutes. 

Pour  off  excess  of  st^n  aad  cover  with  Gram's  iodin  solution  for 
two  minut«s.  Decolorize  with  ninety-five  per  cent  alcohol  until  no 
more  color  comes  out. 

Stain  quickly  with  eosin-alcohol  (ninety-five  per  cent  alcohol  to 
which  enough  ea'^in  has  lieen  added  to  give  a  traasparent  pink  color; 
about  i  :  15).  Clear  in  cosin-oil  of  origanum  (oil  of  origanum,  25  c.c. 
and  eoiun  alcohol,  as  alwve,  about  3  cc).    Blot  and  mount  in  balsam. 

Paraffin  Sections. — Stain  with  amlin-water  gentian-violet  five  to  ten 
minutes. 

Wash  in  water. 

Cover  with  Gram's  iodin  solution  one  minute. 

Wash  in  water. 

Decolorize  with  absolute  alcohol  until  no  more  color  comes  out. 

Clear  in  xylol. 

Mount  in  balsam. 

Gram-Weigerl  Method.^ — (For  ceiloidin  sections.) — St^n  for  one-half 
hour  in  the  following  freshly  filtered  solution: 

Carmine 3-5  grams. 

Saturated  aqueous  solution  of  lithium  rarhonnUt 100  c.c. 

Dehydrate  in  ninety-five  per  cent  alcohol. 

Stick  section  to  slide  with  ether  vapor. 

Stain  in  anilin-water  gentian-violet  for  five  to  fifteen  minutes  (or 
in  a  saturated  solution  of  aqueous  crystal  violet  diluted  with  water  one 
to  ten,  five  to  fifteen  minutes) . 

Wash  in  physiolt^cal  salt  solution. 

Cover  with  Gram's  iodin  solution  one  to  two  minutes. 

Wash  in  water  and  blot. 


>  Weigerj,  Fortechr.  d.  Med.,  v,  18S7. 
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Decolorize  with  anilio  oil  until  no  more  color  cornea  off. 

This  both  decolorizeB  and  dehydratea. 

Treat  with  xylol.    Mount  in  balsam. 

Method  of  Staining  for  Tubercle  Bacilli  in  Sbctionb.'— 
Paraffi.n  Sections. — Stain  in  carbol-fuchsin  nolution  hot  for  five  iriinutes 
(or  better  cold,  for  twenty-four  houns). 

Wash  in  water. 

Decolorize  and  rounterstain  in  fiabbet's  methylene-blue  sulphuric 
acid  mixture  for  one  minute. 

Wash  in  water. 

Dehydrate  in  absolute  alcohol. 

Clear  in  xylol. 

Mount  in  balsam. 

Celloidin  Sectionn.^ — Stain  lightly  in  alum  hematoxylin. 

Wash  in  water. 

Dehydrate  in  ninety-five  per  cent  alcohol. 

Attach  the  slide  by  ether  vapor. 

Stain  with  steaming  carbol-fiichsin  two  to  five  minutes. 

Wash  in  water. 

Wash  with  Oilh's  acid  alcohol  (alcohol  ninety  per  cent.,  99  cc; 
cone,  HCl,  I  c.c.)  one-half  to  one  minute. 

Wash  in  water  several  changes. 

Treat  with  ninety-five  per  cent  alcohol   until  red  color  is  entirely 

Blot  and  cover  with  xylol  until  clear.     Mount  in  balsam. 
MKTHon  OF  Staining  ArriNOMvrEs  in  SEfrrinNs.— ^/n//ori/'s  Melhaf. 
— I.  Stain  deeply  in  satiirat«l  aqueous  eosin  ten  minutes. 

2.  Wa.sh  in  water, 

3.  Anilin  gentian -violet  two  to  five  minutes. 

4.  Wa.sh  in  normal  saline  solution. 

.').  WeiEert's  indin  solution  (iodin  1,  KI  2,  and  water  100  parts) 
one  minute. 

6,  Wa,sh  in  water  and  blot, 

7,  Clear  in  anilin  oil. 

8,  Xylol  several  changes, 
0.  Mount  in  balsam. 


I  UfaUory  and  Wrighl.  "  Pathol.  Tech.,"  p.  41.3. 

•  A/ter  MaU/vy  and  Wrighl. 

•  Maihry  and  Wrighl,  "  Padinl.  Tech.,"  1904 
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CHAPTER   VII 
THE  PREPARATION  OF  CULTURE  MEDU 

aimBJX  noHNiQUK 

The  successful  cultivation  of  bacteria  uiwn  artifiiiiul  iiKHlia  re<4uires 
the  establishment  of  an  environment  which  shall  Iw  suttnlilc  in  regard  to 
the  presence  of  assimilable  nutiitivc  material,  moisliirt^,  ami  osmotic 
relations.  These  re(|uircmenta  arc  fulfilled  in  the  composition  of  the 
nutrient  media  described  in  another  scxtion,  media  whith  are  to  some 
extent  varied  according  to  the  special  Requirements  of  the  ha<^teria 
which  are  to  be  cultivated.  If  cultivation,  furthermore,  \s  to  have  any 
value  for  scientific  study  of  individual  species,  it  is  nctessary  to  ob- 
tain these  species  free  from  other  varieties  of  microorganisms,  that  is, 
in  pure  culture,  and  to  protect  such  cultures  continuouttly  fi-om  con- 
tamination with  the  other  innumerable  species  which  are  everywhere 
present. 

The  technique  which  is  employed  for  these  purposes  has  been  gmtlu- 
ally  evolved  from  the  methods  originally  devised  by  Pasti^ur,  Koch. 
Cohn,  and  others. 

Baeterial  cultivation  is  carried  out  in  glassware  of  varied  construc- 
tion, the  forms  tnost  commonly  employed  being  test  tubes  of  various 
sizes,  Erlenmeyer  flasks,  the  common  Florence  flasks,  and  Petri  dishes. 
All  glassware,  of  course,  must  be  thoroughly  cleansed  before  being  used. 

ftvpuatlon  of  Qlaitwan. — The  cleansing  of  glassware  may  be  ac- 
complished by  any  one  of  a  number  of  methods.  New  glassware  may 
be  immersed  in  a  one  per  cent  solution  of  hydrochloric  or  nitric  acid  in 
order  to  remove  the  free  alkali  which  is  occasionally  present  on  such  glass. 
It  is  then  transferred  to  a  one  per  cent  sodium  hydrate  solution  for  a 
few  hours,  and  following  this  is  washed  in  hot  running  water. 

In  the  case  of  old  glassware  which  has  contained  culture  media, 
sterilization  in  the  autoclave  is  first  carried  out,  then  the  glassware  is 
boiled  in  five  per  cent  soda  solution  or  in  soapsuds.  After  this,  thorough 
mechanical  cleansing  is  practice^!,  an<l  the  glassware  may  be  trcat^nl  by 
acid  and  alkali  followed  by  nmning  wat.or,  as  given  a)x»ve,  These  last 
119 
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steps,  however,  are  not  essential,  thorough  washing  in  hot  waU-r  after 
the  soapsiiils  or  sotla  solution  l>eing  usually  sufficient  to  yield  good 
results.  Other  workers  have  reeomiiicnded  immersion  of  the  glassware 
after  mechanical  cleansing  in  five  per  cent  to  ten  per  cent  potassium 
bichromate  solution  in  twenty-five  per  cent  sulphuric  acid.  This  is 
followed  by  thorough  washing  in  hot  running  water,  and  drj-ing. 

Clean  flasks  and  test  tubes  arc  then  stoppered  with  cotton,  which  has 
been  found  to  be  a  convenient  and  efficient  seal  against  the  bacteria 
of  the  air,  catching  them  in  the  meshes  of  the  filers  as  in  a  filter.  The 
technique  of  the  atopijering  or  plugging  of  glass  recciptacles  is  important. 


15.— Km: 


in  that,  when  poorly  plugged,  sU'rility  is  nut  .siifegunnletl,  and  the  pur- 
pose of  culture  study  is  defealx'd. 

In  almost  all  laboraturies  in  this  country  non-absorbc^it  cotton  or 
"cotton  batting"  is  used  for  the  plug.  In  a  few  of  the  (lerman  lalmra- 
toricH  the  absorl)ent  variety  is  (tniploycd.  The  disjid vantages  of  the 
latter,  esjM!cially  in  the  case  of  fluid  media,  are  obvious.  The  plugu 
should  fit  simgly,  but  not  so  tightly  that  foi-ce  It  necessary  to  remove 
them.  Care  shoidd  Ih:  taken,  fuithemioiv,  that  no  creases  are  left  Ikv- 
tween  the  surface  of  the  glass  and  the  jn'riphery  of  the  plug;  for  these, 
if  pn^Mi'nt,  may  serve  as  <hannels  for  tlm  entrancre  of  bacteria.  Fig. 
IS,  accompanying,  will  illustrate  M<tnK!  of  the  more  common  and  un- 
desirable defects  in  poorly  made  plugs.  The  plugging  itmAt  is  carried 
out  by  tearing  a  small  piece  of  cotton,  about  2  X  2  ioches,  from  the  roll, 
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folding  over  one  of  ita  corners,  and,  applying  the  smooth  end  of  a  glass 
rod  to  the  folded  portion,  gently  pushing  it  into  the  mouth  of  the  tube. 
After  plugging  and  l«.*fore  media  are  irititniuced  into  the  tubes  and 
flasks,  these  should  be  steriliKod.  This  is  best  done  in  one  of  the  "hot- 
air  sterilizerH"  (see  Fig.  8,  p.  09),  by  exposing  the  tubes  for  one  hour 
to  a  temperature  of  150°  C.  If  greater  speed  is  denired  exposure  to  180° 
to'lOtP  G.  for  half  an  hour  is  usually  safe.  If  by  mistake,  however,  the 
temperature  is  alloweil  to  rise  above  200"  C,  a  browning  of  the  cotton 
plugs  occurs  and  the  glassware  is  apt  to  be  stained  by  the  burning  of 
the  fat  and  other  organic  material  derived  from  the  cotton.    Petri  dishes 


i^F^"^^-^^^^ 
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Fill.   I7.-:— Pethi  DiHH. 

after  cleansing  are  fitted  together  in  the  manner  shown  in  Fig.  17, 
and  are  sterilized,  in  the  hot-air  chamber  at  li>0°  C.  for  one  hour. 

Glassware  so  prepared  is  ready  for  the  reei>i)tion  of  media. 

lagrediflDts  of  Ooltoie  Ifedia. — The  food  requirements  of  barteria 
have  been  discussed  in  another  section.  From  what  has  thei-e  be(>n 
said,  it  is  apparent  that  arl.ifieial  culture  media  must,  to  a  certain  extent, 
Ik"  adjusted  to  the  peeidiarities  of  individual  bacfx'ria.  In  the  eases  of 
the  more  strictly  parasitic  microorganiwrns  growth  can  "be  obtaineci  only 
by  the  most  rigi<i  ol)servance  of  special  ni^iuirements.  For  the  large 
majority  of  pathogenic;  bacteria,  however,  routine  or  stundanl  media 
may  be  employed,  which,  while  slightly  more  favorable  for  one  species 
than  for  another,  are  sufficiently  general  in  their  composition  to  pfT- 
mit  the  growth  of  all  but  the  most  fasti<lious  varieties. 

The  basis  of  many  of  our  common  media  is  fonncd  by  the  soluble 
constituents  of  meat.  Thes<i  substances  are  best  obtained  by  macerating 
500  grams  of  lean  beef  in  1,000  c.e.  of  distilled  water.    The  mixture  is 

Digitized  by  Google 


116 


BlOLOT.Y  AND  TECHNlQtlE 


allowed  to  infuse  in  the  ice  chest  over  night,  and  then  strained  throu^ 

cheese-cloth.    To  this  infusion  are  added  the  other  required  constituents 

in  the  manner  given  in  the  detailed  instructions  below.    The  soluble 

(constituents  of  meat,  however,  may  also  be  procured  in  a  simpler  way 

by  the  use  of  the  commercial  meat  extrart,s, 

such  as  that  of  Liebig.     These  extracts  are 

dissolved  in  quantities  of  five  gmm«  to  the 

;,^^_       liter,  and  other   constituents  are   added    to 

thb  nutrient  basis. 

Though  simpler  to  make,  the  meat-ex- 
tract media  are  less  favorable  for  the  culti-  , 
vation  of  the  more  delicate  organisms  than 
are  the  media  made  directly  from  fresh  meat. 
Nevertheless,  they  suffice  for  the  cultivation 
of  the  large  majority  of  the  more  saprophytie 
pathogenic  microorganisms  and  hold  an  im- 
portant place  in  laboratory  technique. 

The  ingredients  an<l  methoda  used  in  va- 
rious laboratories  in  the  preparation  of  such 
.standard  media  should  be,  as  much  as  pos- 
sible, uniform,  in  order  that  confusion  in  re- 
sults may  be  avoided;  for,  as  is  well  known, 
the  biological  characteristics  of  one  and  the 
same  bai^terial  species  may  van'  consider.ibly 
if  grown  on  me<lia  differing  in  their  compo- 
sition. 

A  committee  of  the  American  PubUo 
Health  Association,'  appointed  in  1897  for 
the  sake  of  standanlizing  the  methods  of  preparation  of  media,  recom- 
mended that  the  following  rules  should  govern  the  choice  of  ingredients: 

1.  Distilled  water  should  be  used  in  all  cases. 

2.  The  meat  iiscd  should  be  fresh,  lean  beef  (when  veal  or  chicken 
is  substituted  the  change  should  be  stated). 

3.  The  pepton  used  should  be  Witte's  pepton,  dry,  made  from  meat. 

4.  Only  C.  P.  Na('!  shoxild  be  used. 

5.  For  alkalinizing  ('.  P.  sodium  hydrate  should  be  used  in  norma] 
solutions. 


\-J 


ilieorrpctly    stopperpi] ;     (ft) 
correctly  alci|)|ierwl. 


'  Rep.  Com.  of    Amer.   Raet.  Ui  Com.  of    Amer,  Pub.   Health.  Aaan.   Meeting^ 
PllilftJelphia,  Sept.,  1897. 
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6.  For  acidification  C.  P.  hydrochloric  acid  in  normal  Bolution  sbould 
be  used. 

7.  When  glycerin  is  used,  this  should  be  of  the  redistilled  variety. 

8.  The  agar-agar  employed  should  be  of  the  finest  grade  of  commer- 
cial thread  agar. 

ti.  The  gelatin  sbould  be  the  commercial  sheet  gelatin  washed  ae 
free  as  possible  of  acid  and  impurities. 

10.  Chemicals  and  carbobydrat«s   which   are   used   should   be   as 
nearly  chemically  pure  as  possible. 

Titration  of  Bledia.— Next  in 
importance  to  the  actual  composi- 
tion of  media  is  the  adjustment  of 
their  reaction.  Bacteria  are  highly 
susceptible  to  variations  in  the 
acidity  and  alkalinity  of  media, 
excessive  degress  of  either  may 
completely  inhibit  development  or 
moderate  variations  may  lead  to 
marked  mollifications  of  cultural 
characteristics.  It  is  necessary, 
therefore,  to  adjust  the  reaction 
both  for  the  sake  of  favoring 
growth  and  in  order  to  insure  uni- 
formity of  growth  characters.  This 
is  accomplished  by  titration  which 
is  best  carried  ouf  according  to  the 
recommendations  of  the  committee 
mentioned  above. 

The  color  indicator  employed  for 
the  titration  is  a  five-tenths  per  cent 
solution  of  phenolphthalein  in  fifty 
per  cent  alcohol.  The  chief  advan> 
tage  of  this  indicator  over  others  is 

due  to  the  fact  that  it  indicates  the  p,^,^  m.-Bxmtmti  tor  Tttratinq 
presence  of  organic  acid  and  acid  Media. 

compounds    in   its    reaction.     For 

actual  titration  ^  (^  normal)  solutions  of  sodium  hydrate  or  of  hy- 
drochloric acid  are  used.  Since  media  in  the  process  of  preparation 
are  usually  acid,  the  NaOH  solution  is  the  one  most  frequently  needed. 
five  c.c.  of  the  medium  to  be  tested  is  measured  accurately  in  a  care- 


Digitized  by  Google 


118 


BIOI/JGY   AND  TECimiQPE 


fully  washed  pipette  and  transferred  into  a  porcelain  evaporating  dish. 
To  this  are  added  4"»  e.c.  of  distilled  water.  The  mixture  is  thoroughly 
boiled  for  three  minutes  over  a  free  flame.  The  boiling  drives  off  CO,, 
giving  the  true  neutral  point,  and  approximates  the  conditions  prevailing 
during  the  further  sterilization  of 
the  medium  from  which  the  5  c.c. 
have  been  taken.  After  boiling.  I 
c.c.  of  the  phenolphthalein  is  added. 
If  the  medium  i*  acid,  no  color  is 
pi'csent;  if  alkaline,  a  pink  or  rvd 
color  appears.  The  j^  alkali  or 
)  acid  solution  is  allowed  to  drop 
into  the  dish  from  a  graduated 
burette.  When  the  neutral  point 
is  approached  in  an  acid  solution, 
each  drop  of  sodium  hydrate  added 
brings  forth  at  first  a  deep  red, 
which,  however,  upon  slight  stir- 
ring with  a  clean  rodj  completely 
di.sappcars.'  The  end  reaction  is 
reached  when  a  faint  but  clear  and 
distinct  pink  color  remains  in  the 
fluid  after  stirring. 

When  titrating  alkaline  media, 
tlic  addition  of  the  phcnoIphthalciD 
produces  a  red  color  in  the  hot 
medium  which  gradually  fades  upon 
the  addition  of  J*  HCl,  booming 
colorless  at  the  end  point  of  titration.  Titration  sboukl  be  done 
quickly  and  in  a  hot  solution.  From  the  result  of  the  titration  the 
computation  for  the  neutralization  of  the  entire  bulk  of  the  mcxJium 
can  be  made  by  a  simple  arithmetical  process  as  Ulustrated  in  the 
following  example: 

Ixit  us  suppose  that  we  have  used: 

2.5  e.c.  of  ^  NaOH  to  neutralize  5  c.c.  of  the  medium, 

then  2.5  e.c.  of  ^   NaOH  will  neutralize     100  c.c.      "  " 

and    25  c.c.  of   ^   NaOH  will  neutralize  1,000  c.c,  or  one  liter.        -"•^- 


FiG,  20.— Ti' 


■  Sue  sUniian]  U-\tljuuks  on  volumetric  anulyBis. 
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The  adjustment  of  the  reaction  of  media  is  lately  determined  by  the 
particular  uses  for  which  the  media  are  designed.  For  examinations  in 
the  practice  of  Bauitation,  such  as  analyses  of  water,  ice,  and  milk,  etc., 
the  American  Public  Health  Association  recommends  a  standard  reac- 
tionof  +  1  per  cent  {the  plus  sign  is  used  to  indicate  acidity,  the  minus 
alkalinity;  +  1  per  cent  is  the  expression  used  to  indicate  that  one  per 
per  cfnt  of  J  sodium  hydrate  solution  would  be  required  to  neutralize 
the  medium  or  10  c.c.  to  the  liter).  For  general  work  with  pathogenic 
bacteria,  the  most  favorable  reaction  for  routine  media  is  slight  alka- 
linity, ncutraUty,  or  an  acidity  not  exceeding  +  1  per  cent. 

Methods  of   Clearing   Media. — Clearing  with  Eggx. — When  culture 
media  are  prepared  from  substances  containing  no  coagulable  proteid, 
it  is  often  necessary,  for  purposes  of  clearing,  to  add  the  whites  of  eggs, 
and  then  to  heat  for  forty-five  min- 
utes in  the  Arnold  sterilizer.      In 
the  folluwing  detailed  descriptions, 
the  direction  "clear  with  egg"  has 
been  given  whenever  such  a  sUsp  is 
deemed  necessary.    The  exact  tech- 
nique  of   auch    a   piucedure   is  as 
follows : 

In  a  small  pot  or  pan,  the 
whites  of  several  eggs  {one  or  two 
eggs  to  each  liter  of  medium)  are 
beaten  up  thoroughly  with  a  little 
water  {20  c.c.).  This  egg  white  is 
then  poured  into  the  medium, 
which,  if  hot,  as  in  the  case  of 
melted  agar  or  gelatin,  nmst  first 
be  cooled  to  about  50°  to  55°  C. 
The  mixture  is  then  thoroughly 
shaken  and  steamed  in  the  Amokl 
steriliser  for  thirty  minutes.  At 
the  end  of  this  time  the  flask  ( 
tiuning  the  medium  is  removed  from 
the  sterilizer  and  thoroughly  shaken 
so  as  completely  to  break  up  the  coagulum  which  has  formed.  It  is, 
then  replaced  and  allowed  to  steam  for  another  fifteen  minutes.  At 
the  end  of  this  time  the  medium  between  the  coagula  should  be  clear. 
It  is  now  ready  for  filtration  through  cotton. 


Fia.  21.— Media  i: 


Tubbh:  a,  broth; 
;  e,  potato. 


Digitized  by  Google 


120  BIOLOGY  AND  TECHNIQUE 

FMering  Media  through  Cotton. — The  filtration  of  media  after 
clearing,  either  by  the  addition  of  eggs  or  by  the  coagulation  of  the  pro- 
teids  originally  contained  in  it,  is  best  done  through  absorbent  cotton. 
A  small  spiral,  improviacd  of  copper  wire,  is  placed  a.-i  a  siipport.  in  the 
bottom  of  a  large  glass  funnel.    A  square  piece  of  al)sorbci)t  cotton  it 


Fio.  22. — Berkepbu)  FluisiL 

then  split  honzonta  v.  giving  two  squares  of  equal  size.  Uagged  edges 
and  incisures  should  be  a%oidcd.  These  two  layers  of  cotton  are  then 
placed  in  the  funnel,  one  piece  above  the  other  in  such  a  way  that  the 
tlircction  of  the  fibers  of  the  two  layers  is  at  right  angles  one  to  the  other. 
They  are  then  gently  dt^pressed  into  the  filter  with  the  closed  fist.    Tha 
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edges  of  the  cotton  are  matle  to  adhere  to  the  aides  of  the  funnel  by  , 
allowing  a  thin  stream  of  tap  water  to  run  over  thorn,  while  smoothing 
thfm  against  the  glasn  with  the  hand. 

The  metiium,  when  i>oured  into  such  a  filter,  shonld  be  poured  along 
a  glass  rod  at  first,  to  avoid  nmning  down  the  sides  o.r  bursting  the  filter. 
After  fUtration  has  begun,  the  filter  should 
be  kept  as  full  as  poaaible.     The  first  liter 
or  so  which  eomes  through  may  not  be  clear, 
hut  the  filter  gains  in  efficiency  as  the  eoag- 

}  fibers  of  the  cotton, 

ay  he  sent  through  a 

>n  of  agar  or  gelatin  is 

I  room  with  windows 

the  filter  covered  with 

d  cooling.    The  funnel 

irmeil  just  before  use. 

Paper. — Many    media 

■learcd  by  filti-ittion 
through  close  filter  paper  without  the  aiil  of 
roagula. 

The  Tubing  ot  Media. — Most  of  the  media 
described  in  the  foregoing  section  are  used 
in  teat  tubes.  In  order  to  fill  these  tubes, 
the  media  are  best  poured  into  a  large  glass 
funnel  to  which  a  glass  discharging  tube  has 
been  fitted  hi;  means  of  a  short  piee<'  of 
mbber  tubing  (see  Fig.  20).  Upon  ttii.s  is 
placed  a  thumb  cock.  The  phig  is  then  re- 
moved from  the  test  tube  by  catching  it  Ix"- 
tween  the  small  and  ring  fingers  of  the  right 
hand  and  the  glass  outlet  is  thrust  deeply 

into  the  test  tube,  in  order  to  prevent  the         Via.  2^1.— Behkeppu) 
medium   from  touching  the  upper  portion  Filter. 

of  the   test   tube   where   the  cotton    plug 
will  be  lodged.     About  7  to  S  cc.   is  put  in  each  test  tube. 

Sterilization  of  H«dia. — lii/  Heat. — Media  which  contain  neither 
sugars,  gelatin,  glycerin,  nor  animal  serum  may  Ix;  sterilizetl  in  the  auto- 
clave at  fifteen  pounds  pressure  for  fifteen  minutes  to  half  an  hoxir. 
Media  which  contain  these  or  other  substances  subject  to  injury  frtun 
ihe  high  temperature,  must  l>e  steriliz(-d  by  the  fractional  inelhod. 
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I.e.,  by  twenty  minutea'  exposure  in  the  live  steam  sterilizer  (Arnold, 
Fig.  y,  p.  70)  on  each  of  three  consecutive  days.  During  the  intervals 
botwecn  sterilizations,  they  should  be  kept  at  room  temperature  or  in  the 
incubator,  to  permit  the  germination  of  spores  which  may  be  present. 
Media  containing  animal  serum  or  other  albuminous  solutions  which 
are  to  be  sterilized  without  coagulation,  may  be  sterilized  in  wate 
baths,  or  in  hot-air  chambers  (Fig.  10,  p.  71),  at  temperatures  varying 


from  G0°  to  70°  G.,  by  the  fractional  method.     In  such  ciusea  five  or 
si.v  eK|X)3ures  of  ono  hour  on  succeeding  days  should  bo  employed, 

lijl  Filtration.— ^It  is  often  tlcsirablc  in  bacteriological  work  to  free 
fluid  from  bacteria.  This  is  frequently  necessary  for  the  sterilization 
of  blood-srnim  or  exudate  fluids,  or  for  obtaining  toxins  fi-ee  from  bac- 
t<^ria.  For  these  purposes  a  lai^e  variety  of  filt^'i's  arc  in  use,  ^hose 
most  commonly  employed  are  of  tlie  Chaml>erland'  or  Berkefeld  type, 
which  con.sist  of  hollow  candles  made  of  unglaned  porcelain  or  dia- 
tomaceous  earth.  Both  the.se  types  are  ma<le  in  various  gnidcs  of  fine- 
ness, upon  which  depend  both  the  speed  of  filtration  and  the  efficiency. 
They  arc  made  in  various  forms  and  models,  some  of  which  are  shown 

<  PaiUw  and  Chamberlaml,  Compt,  rend,  dc  I'acad.  des  sd.,  1884. 
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in  the  accompanying  figures.  In  most  of  the  methods  of  filtration 
commonly  employed  the  fluid  which  is  to  be  filtered  is  sucked  through 
the  walls  of  the  filter,  either  by  a  hand  suction-pump  or  by  some  form 
of  vacuum-pump  attached  lo  an  ordinary  wator-tap. 

The  hollow  candle-filter  may  either  be  firmly  fitted  into  a  cylin- 
drical glaiss  chimney  and  surrounded  by  the 
fluid  which  is  to  be  filtered,  or  else  the  candle 
may  be  connected  to  the  collecting  flaak 
with  sterile  rubber  tubing  and  suspended 
freely  in  the  fluid.  Perfect  filters  of  these 
types  will  hold  back  any  of  the  bacteria 
known  to  us  at  present. 

Filters  before  use  must  be  sterilized. 
The  candles  themselves  are  subjected  to 
150°  C.  in  the  hot-air  sterilizer  for  one  hour. 
The  glassware  and  washers  necessary  for 
setting  up  the  appanitus  may  be  sterilized 
by  boiling.  In  or<ler  that  filters  may  be  re- 
peatedly used  with  good  result,  it  is  neces- 
sary that  they  should  be  carefully  cleaned 
from  time  to  time.  This  is  best  done  in  the 
following  way: 

Filters  through  which  fluids  from  living 
cultures  have  passed  arc  first  sterilized  in 
the  Arnold  steam  sterilizer.  Their  exterior 
is  then  carefully  cleaned  with  a  fine  brush. 
following  this  a  five-tenths  [Mir  cent  solu- 
tion of  potassium  permanganate  is  piissed 
through  them  and  this  again  removed  by 
sucking  through  a  five  per  cent  solution  of 

bisulphite  of  sotla.     This  last  is  washed  out     ^la  25. Kitasato  Filtek. 

by  sending  a  considerable  quantity  of  dis- 
tilled water  through  the  filtei-,  which  is  then  dried  and  sterilized    by 
heat. 

The  suction  necessary  for  filtration  through  these  filters  is  usually 
applied  by  means  of  the  ordinary  suction-pump  attached  to  a  running 
faucet. 

Slanting  of  Media. ^ — Solid  media  which  are  to  be  used  in  slanted  form 
in  tost  tubes  should  be  inclined  on  a  ledge  (easily  improvised  of  glass 
tubing)  at  the  proper  slant,  after  the  last  sterilization.  Agar,  the  medium 
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most  frequently  employed  iu  this  way,  should  be  left  in  tlib  positioD 
for  two  or  three  days.     (See  Fig.  21,  b.) 


ACTUAL    STEPS    IK   THE    PBEPABATION   OF   NTmUEVT    MEDIA 

BtoOi.—Metit  Extract  Broth.— I.  To  1,000  c.c.  of  distilled  or  clear 
tap  water  add  5  gms.  Licbig's  meat  extract,  10  gras.  Witte's  pepton, 
and  5  gms.  common  salt  (NaCl). 

2.  Weigh  solution  with  containing 
vessel  (jmy  suitable  agate-ware  vessel 
or  ^fum  fluitk  will  do). 

3.  Heat  over  fnni  flame  until  thor- 
oughly dis.'wdved,  stirring  constantly. 

4.  Weigh  again  and  make  up  loss 
by  evaporation. 

5.  Determine  volume. 

6.  Titrate  and  adjust  to  required 
reaction,  heating  over  free  flame  fc« 
five  minutes. 

7.  Filter  through  paper  until  clear. 

8.  Sterilize. 

If  medium  can  not  be  cleared  by 
filtering  through  paper,  clearing  by 
white  of  egg  may  be  rcsortctl  to  and 
the  medium  filtered  thn>ugh  cotton. 

Meat  In/usion  Broth. — 1.  Infuac 
500  gms.'  of  lean  meat,  twelv«  to 
twenty-four  hours,  with  1,000  c.c.  of 
distilled  wak^r  in  refrigerator. 

2.  Strain  through  wet  cotton  flan- 
nel or  wet  ch('cse-cloth  and  make  up 
„       ^     ,,  „  volume  to  1,000  c.c. 

l-IG.     26. MaASSEN     flLTER,     VOR  .    ,,      .  ,  . 

SMALL  Quantities  of  Fluid.  -*■  -^''d   5  gms.  conunon    salt    and 

10  gins.  Witte's  pepton, 

4.  Weigh  with  containing  vessel. 

5.  Warm  over  flame  or  water  bath,  stirring  until  pepton  is  dissolved, 
not  allowing  temperature  to  rise  above  .50°  C. 

6.  Determine  volume. 


'liou^y,  1  pound  (1^  lb.). 
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7-  Titrate  and  adjust  reaction  to  neutral. 

8-  Heat  in  Arnold  sterilizer  for  thirty  minutes;   shake  or  stir  well 
and  heat  again  for  fifteen  minutes. 

9.  Determine  weight  and  restore  loss  by  evaporation. 

10.  Determine  volume,  titrate,  and  adjust  reaction  to  desired  point 
(usually  one  per  cent  acid). 

11.  Heat  again  for  live  minutee  if  adjustment  of  reaction  has  been 


1 


12.  Filter  through  absorbent  cotton,  passing  the  filtrate  through 
the  same  filter  until  clear. 

13.  Titrate  and  record  the  final  reaction. 

Place  in  cotton-plugged  sterile  flasks  or  plugged  sterile  test  tubes, 
and  sterilize  for  thirty  minutes  in  the  Arnold  sterilizer  on  three  suc- 
cessive days,  leaving  at  room  temperature  in  the  intervals. 

Sugar-Free  Broth. — 1.  Make  1  liter  of  meat  infusion  broth,  following 
Heps  1,  2,  3,  4,  5,  6,  7,  and  8';  then  filter  through  thin  cotton  filter  to 
remove  gross  particles — total  clearing  is  not  necesaarj-. 

2.  Put  the  broth  in  a  flask  and  cool.  Then  add  10  c.c.  of  a  twenty- 
four-hour  broth  culture  of  B.  coli  communis. 

3.  Place  the  fla.sk,  stoppered  with  cotton,  in  the  incubator  at  37*  C. 
for  eighteen  hours.  (The  bacteria  will  ferment  and  thus  destroy  any 
sugar  (monosaceharid]  which  may  be  present  in  the  broth,  and  thus 
render  the  broth  sugar-free  and  acid.)     • 

4.  Heat  thoroughly  to  kill  the  bacteria. 

5.  Determine  weight  and  bring  to  1,015  gms.  Then  determine 
volume  and  titrate,  an<]  adjust  to  neutral.    Heat  thoroughly  again. 

6.  Filter  through  filter  paper  until  clear. 

7.  The  pure  sugars,  dextrose,  lactose,  saccharose,  etc.,  arc  then  added 
to  separate  portions  (250  c.c.)  of  the  broth  in  the  proportion  of  one 
per  cent. 

S.  UTien  the  sugars  are  dissolved,  tube  the  broth  iiimiediately  in 
fermentation  tubes,  and  atf^rilinc  by  di.scontinuuus  sterilization,  never 
beating  over  twenty  minutes  at  a  time,  as  heat  tends  to  destroy  or 
change  the  sugars. 

Glycerin  Broth. — To  ordinary,  slightly  acid  or  neutral  meat  in- 
fhdon  broth,  add  six  per  cent  of  C.  P.  glycerin.  Sterilize  by  frac- 
tional method. 

'  These  sl«pB  refer  to  the  regular  directions  for  making  iofueioii  broth.  One 
liter  of  previoualy  made  iDfusJoa  broth  may  be  used  iosteiwJ. 
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Cakium  Carbonate  Broth. — ^This  medium  is  desigaed  for  obtaining 
mass  cultures  of  pDeumococcus  or  streptococcus  for  purposes  of  im- 
mutiization  or  agglutination. 

To  100  c.c.  of  meat  infusion  broth  in  small  flasks,  add  one  per  cent 
of  powdered  calcium  carbonate,  and  one  per  cent  of  glucose.  It  is  a 
wise  precaution  to  sterilize  the  dried  calcium  carbonate  in  the  hot-air 
chamber  before  using.  Small  pieces  of  marble  may  be  used  as  sug- 
gested by  Bolduan. 

PeptoTiSalt  Sdution  (Dunham's  solution) ; 

].  Distilled  water 1,000  c.c. 


i.  Heat  until  ingredients  are  thoroughly  dissolved. 

3.  Filter  through  filter  paper  until  perfectly  clear, 

4.  Tube  twenty-five  tube^,  and  store  remainder  in  250  c.c.  flasks. 
Sterilize  by  discontinuous  method. 

Nitrate  S<dution. — 

1.  DiatiUed  water 1,000     c.c. 

PeptoD 10     Kni9. 

Potaauum  nitrate 0.2  " 

2.  Heat  until  ingredients  are  thoroughly  dissolved. 

3.  Filter  through  filter  paper  tmtil  perfectly  clear. 

4.  Tube  twenty-five  tubes,  and  store  remainder  in  250  c.c,  flasks. 
Sterilize  by  discontinuous  sterilization. 
Uschinsky'sProleid-Free  Medium.^ — To  one  liter  of  distiUcd  water  add; 

AsparaRin 3.4  gr^iaa. 

Ammonium  lactate 10 

Sndiiim  chloride 6 

Mnjciieflinm  sulphate 0.2 

Calcium  chlnride. 0.1 

PnLamium  phottphate 1.0 

When  these  Nulttttanrcs  arc  thoroughly  dL-iSolvcd,  add  40  c.c.  of  glycerin 
Tube  and  sterilize. 

Qtlhtin.—Meat-Extract  Gelcdin.—l.  To  1,000  c.c.  of  distilled  water 
add  Liebig's  extract  5  gms.,  pepton  10  gma.,  NaCl  5  gms.,  and  120 
gms.  of  the  finest  French  sheet  gelatin,' 

■  UechituAy.  Cent,  f.  Bakt,  1.  xiv.  1893. 

'The  aciitity  and  consistence  of  the  diffprent  conunerdal  gplatins  vary  con- 
Hidcmbly  and  care  Hhould  be  taken  in  selecting  a  uniform  and  suitable  lirand.  such  aa 
Ilrslcrberfc's  fn>ld  label  Kelatin.  It  is  adviNable,  when  working  during  the  sunuuer 
or  Id  bcl  climates,  to  add  130  instead  of  120  grams. 
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2.  Weigh  with  containing  vessel. 

3.  Dissolve  by  warming. 

4.  Adjust  weight,  determine  volume,  titrate,  and  adjust  reaction. 
5-  Cool  to  60°  C,  add  whites  of  two  e^s,  and  stir  thoroughly. 

6.  Heat  for  thirty  minutes,  stir  thoroughly,  and  heat  for  fifteen 
minutes. 

7.  Adjust  weight. 

8.  Filter  through  cotton. 

9.  Sterilize. 

Meat-Infusion  Gdaiin. — 1.  Infuse  500  gms,  lean  meat  twelve  to 
twenty-four  hours  with  1,000  c.c.  of  distilled  water  in  refrigerator. 

2.  Strain  through  wet  cotton  flaimcl  or  wet  cheese-cluth'  and  make 
up  volume  to  1,000  c.c. 

3.  Add  5  gms,  common  salt,  10  gms,  Witte's  pepton,  and  120  gms. 
of  the  finest  French  sheet  gelatm. 

4.  Weigh  with  containing  vessel. 

6.  Warm  over  flame  or  water  bath,  stirring  till  pepton  and  gelatin 
are  dissolved  and  not  allowing  temperature  to  rise  above  50°  C. 

6.  Determine  volume. 

7.  Titrate  and  adjust  reaction  to  neutral. 

8.  Heat  in  Arnold  sterilizer  for  thirty  minutes;  shake  or  stir  well 
and  heat  again  for  fifteen  minutes. 

9.  Determine  weight  and  restore  loss  by  evaporation. 

10.  Determine  volume,  titrate,  and  adjust  reaittion  to  desired  point, 
if  necessary  (one  per  cent  acid). 

11.  Heat  five  minutes  over  free  flame,  constantly  stirring,  if  ad- 
justment of  reaction  has  been  necessary, 

12.  Filter  through  absorbent  cotton,  passing  the  filtrate  through 
the  »ame  filter  until  clear. 

13.  Titrate  and  record  the  final  reaction. 

Place  gelatin  in  cotton -plugged  sterile  250  c.c.  flasks  or  about  8  c.c. 
in  plugg(Hl  sterile  test  tubes  and  sterilize  for  thirty  minutes  in  the  Arnold 
sterilizer  on  three  successive  days,  leaving  at  room  temperature  in  the  in- 
terva's.  Never  heat  the  gelatin  for  longer  than  is  necessary  to  comply 
with  directions,  or  it  may  not  be  solid  enough  for  use.  With  some 
brands  of  gelatin  it  may  be  necessary  to  add  thirteen  per  cent  in  order 
to  obtain  sufficient  stifFness. 

Agar. — Mecd-Exlrad,  Agar. — 1.  To  1,000  c.c.  of  distilled  water  (or 
tap  water)  add  15  gms.  of  thrcail  agar,  10  gms.  of  Witte's  pepton,  and 
5  graa,  of  Licbig's  meat  extract,  and  5  gms.  of  common  salt. 
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2.  Weigh  with  containing  vessel. 

3.  Heat  over  free  flame  until  agar  is  dissolved,  thirty  to  forty-five 
minutes.  (Great  care  should  be  exercised  in  determining  that  agar  is 
completely  in  solution.) 

4.  Deteimine  weight  and  make  up  loss  by  evaporation. 

5.  Determine  volume,  titrate,  and  adjust  to  desired  reaction. 

6.  Cool  to  60°  C. 

7.  Add  whites  of  two  eggs  and  stir  thoroughly. 

8.  Heat  in  Arnold  st^-rilizer  thirty  minutes,  stir,  and  reheat  fifteen 
minutes. 

9.  Weigh  and  make  up  loss  by  evaporation. 

10.  Determine  volume,  titrate,  an<l  eorrcct  reaetion  if  necessary.' 

11.  Heat  for  five  minutes,  if  reaetion  is  corrected, 

12.  Filter  through  cotton,  tul>e,  and  sterilJBe. 

Meal-Jnfuswn  AgaT? — (A)  1.  Infuse  500  gms.  lean  meat  twelvr  to 
twenty-four  hours  in  500  c.c.  of  distilled  water  in  refrigerator. 

2.  Strain  through  wet  cotton  flannel  or  wet  cheese-cloth,  and  make 
up  voiume  to  500  c.c. 

3.  Add  10  gms.  of  Witte's  pepton  and  5  gms.  of  common  salt. 

4.  Weigh  solution  and  containing  vessel. 

5.  Warm  over  free  flame  or  water  bath  till  pepton  an<l  salt  are  dis- 
solved, not  allowing  temperature  to  rise  alxjve  50°  C. 

6.  Determine  volume,  titrate,  and  neutralize. 

(B)  7.  Add  15  gms.  of  thread  agar  to  fiOO  c.c.  of  distilled  water  and 
boil  over  free  flame  for  thirty  to  forty-five  minutes,  watching  and  stirring 
constantly,  or  preferably  heat  in  autoclave  till  agar  is  completely  dis- 
solved. This  will  lose  weight  by  evaporation;  final  weight  should  be 
515  gms. 

8.  Cool  this  to  about  60°  C. 

(C)  9.  Then  to  the  solution  A  of  meat  infiision  (at  50°  C.)  add  the 
solution  B  of  agar  (at  60°  C). 

10.  Determine  volume,  titrate,  and  adjust  reaction  to  plus  one  per 
cent  acid  or  any  desired  reaction. 

11.  Heat  for  thirty  minutes  in  Arnold  sterilizer  or  autoclave. 
Shake  or  stir  thoroughly,  and  heat  fifteen  minutes  more.  Adjust 
weight  by  adding  water. 

'  While  titratiQg,  care  should  be  taken  that  medium  does  not  aoUdify  along  aides 
of  vessel.    Agar  may  be  made  more  quii^kly  and  successfully  in  autoclave, 

*  Glycerin  agar  is  mode  by  addinR  6  i>cr  cent  oF  C.  P.  glycerin  to  meat-extract 
or  meut-iDfuaion  agar. 
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13.  Filter  through  absorbent  cotton,  passing  the  filtrate  through  the 
lame  filter  until  clear. 

14.  Titrate  and  record  final  reaction. 

PUce  agar  in  cotton-plugged  etcrilc  flasks  or  plugged  sterile  test 
t'lbes  and  sterilize  for  thirty  minutes  on  thixn;  successive  days. 

Laclose-Litmu3-Ai}or  (AVurtz)  .—1 .  Put  1,500  c.c.  distilled  water  in 
previously  weighed  agaMJ-ware  vessel. 

2.  Add  15  gms.  thread  agar  and  boil  over  free  flame  for  thirty  to 
forty-five  minutes,  watching  and  stirring  constantly  till  the  agar  is 
completely  dissolved. 

3.  Add  5  gms,  Licbiga  extract  of  meat,  5  gms.  NaCI,  10  gms.  Witte's 
pepton,  and  dissolve  completely. 

4.  llestore  lom  by  evaporation  to  l,Oljr»  gms, 

5.  Determine  volume,  titrate,  itiid  adjust  reaetitjn  to  one  \nii  cent 

C.  I*lace  in  a  (husk  an<l  cool  to  00°  C. 

7.  Add  the  whites  of  two  e;^  l)eatcn  up  in  50  c.c.  of  water  and  mix 
thoroughly. 

S.  Heat  for  thirty  minutes  in  Amokl  sterilizer,  t^hake  thoroughly, 
and  heat  again  for  fifteen  minutes. 

9.  Adjust  w(tight. 

10.  Filt<;r  through  absorbent  cotton  to  clear, 

11.  .Add  two  per  cent  pure  lactos;  (milk  sugar).' 

12.  Add  enough  pure  five  per  cent  litmus  solution '  to  bring  to 
purple  color  when  cold. 

\'i.  TuIk;  and  Hterilize. 

IVdch''!  MiHllJ'u-atiiin  of  Guaritieri's  Medium? — This  medium  is  made 
on  a  meat-infusion  liasis,  a(-(  jixiing  to  the  diiT!(ttionH  given  for  the  prep- 
aration of  meat-infusion  agar.  It  contain.'*  'y  grams  of  agar,  SO  grams  of 
gelatin,  5  grams  of  NaCl,  and  10  grams  of  pepton  to  one  liter.    It  should 


'  Ailii  lachise  and  litmiiB  to  250  c.c.  for  25  IuIick;  keep  tlw  rcrnaiiider,  with- 
out kictoHc,  Htorcil  ill  Kiiiall  sl^rilt-  fliisks  for  further  list;. 

!Thc  litmus  BohilioiiM  UKrtI  in  tlic  |m'|iarulior,  of  uiiiliii  nrc  licst  ma<lcu|nisfol- 
lows:  I.ilniiLsin  Bultstnnco^Merck'B  purified,  or  Kaulbaum'a — is  dissolved  in  water 
U>  the  pxt«nt  of  .5  per  rent.  The  solution  is  made  by  lieating  in  an  .Arnold  slerilizer 
fnrabout  one  to  two  hours,  sholiing  occasionally.  The  solution  ia  then  filtered  through 
paper  and  steiiliied.    It  should  bo  kept  sterile,  as  molds  will  grow  in  it  otherwise. 

A  standard  litmus  solutjon,  which  is  marketed  for  laboratory  pttrposea,  known 
30  "Kubcl  and  Tiemana'e"  solution,  may  be  used. 

'  Wdch.  BuU  Johns  Hopkins  Hosp. 
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be  adjusted  to  a  neutral  reaction.     It.  is  used  for  stab  cultures  and  is 
designed  chiefly  for  pneumococcus  rultivation  and  ston^e. 

Oorsett  Egrg  HodiuiD' — This  medium  is  chiefly  useful  for  the  cul- 
tivation of  tubercle  bacilH. 

1.  Carefully  break  eggs  and  drop  the  contents  into  a  wide-mouthed 
flask.  Break  up  the  yolk  with  a  sterile  platiaum  wire,  and  shake  up 
the  flask  until  the  whiter  and  yolks  are  thoroughly  mued. 

2.  Add  25  c.c.  of  distilled  water  to  every  four  eggs;  Btrwn  throu^ 
sterile  cloth. 

3.  Pour  10  c.c.  each  into  sterile  test  tubes  and  slant  in  sn  inspissator 
and  expose  to  73°  C.  for  four  to  five  hours  on  two  days, 

4.  On  the  third  day,  raise  the  temperature  to  76°  C, 

5.  The  sterilization  may  be  finished  by  a  single  exposure  to  100° 
C.  in  the  Arnold  sterilizer  for  fifteen  minutes.  Before  inoculation,  add 
two  or  three  drops  of  sterile  water  to  each  tube. 

For  a  description  of  Petroff's  medium  for  the  isolation  of  tubercle 
bacilli,  see  p^e  4S4. 

Potato  Media. — Large  potatoes  are  selected,  washetl  in  hot  water, 
and  scrubbed  with  a  brush.  They  are  peeled,  considerably  more  than 
the  cuticle  bcii^  removed  The  peeled  potatoes  are  washed  in  running 
water,  following  which  cylindrical  pieces  are  removed  with  a  large 
apple  corer.    The  cylinders  are  cut  into  wedges. 

Since  the  reaction  of  the  potato  is  normally  acid,  this  should  be  cor- 
rected by  washing  the  pieces  in  running  water  over  night,  or,  better, 
by  immersii^  them  in  a  one  per  cent  solution  of  sodium  carbonate  for  half 
an  hour. 

The  pieces  are  then  inserted  into  the  large  variety  of  test  tubes 
known  as  "potato  tub<«,"  (See  Fig.  21,  c.)  In  the  bottom  of  the 
tubes  a  small  amount  of  water  (about  1  c.c.)  or  a  small  quantity  of 
moist  absorbent  cotton  should  be  placed  in  order  to  retard  drying  out 
of  the  potato.  The  tubes  are  sterilizeil  by  fractional  sterilization, 
twenty  minutes  to  half  an  hour  in  the  Arnold  sterilizer  on  three  suc- 
cessive days. 

Glycerin  Potato. — In  preparing  glycerin  potato  the  potato  wedges 
are  treated  as  above,  and  are  then  soaked  in  a  ten  to  twenty-five  per 
cent  aqueous  glycerin  solution  for  one  to  three  hours.  A  small  quantity 
of  a  ten  per  cent  glycerin  solution  should  be  left  in  the  tubes.  In  steril- 
izing these  tubes,  thirty  minutes  a  day  in  the  Arnold  after  "heating  of 
the  sterilizer  will  sterilize  without  altering  the  glycerin. 

JAilk  Me^.— Fresh  milk  is  procured  and  is  heated  in  a  flask  for 
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fifteen  minut«s  m  an  Arnold  sterilize-.  It  is  tben  set  away  in  the  ice 
chest  tor  a^out  twelve  hours  in  order  to  allow  the  cream  to  rise.  Milk 
and  cream  are  then  separated  by  siphoning  the  milk  into  another 
flask.  It  is  rarely  necessary-  to  adjust  the  reaction  of  milk  prepared  in 
this  way,  since,  if  acid  at  all,  it  is  usually  but  slightly  so.  If,  however, 
it  should  prove  more  than  r.5  por  cent  acid,  it  should  be  discarded 
or  neutrahzed  with  sodium  hydrate.  I'h'^  milk  may  then  be  poured 
into  test  tubes  without  further  additions,  oi  litmus  solutioQ  mqy  be 
added  in  a  quantity  sufficient  to  give  a  purplish  blue  color.  The 
tubes  are  sterilized  by  fractional  sterilization  in  the  Arnold  sterilizer  for 
thirty  minutes  on  three  successive  days. 

Sanun  Media. — Loeffler's  Aferfiwm.— Beef  blood  is  collected  at  the 
slaughter  house  in  high  cylindrical  jars  holding  two  quarts  or  more. 
It  is  desirable  that  attempts  should  be  made  to  avoid  contamination 
aa  much  as  is  feasible  by  previously  sterilizing  the  jars,  keeping  them 
covered,  and  exercisii^  care  in  the  collection  of  the  blood. 

The  blood  is  allowed  to  coagulate  in  the  jars,  and  should  not  be 
moved  from  the  slaughter  house  until  coagulated.  All  unnecessary 
shaking  of  jars  should  be  avoided.  As  soon  as  the  eoagulum  is  fully 
formed,  adhesions  between  the  clot  and  the  sides  of  the  jar  should  be 
carefully  separated  with  a  sterile  glass  rod  or  wire.  The  jars  are  then 
set  away  in  the  ice  chest  for,  24  to  36  hours.  At  the  end  of  this  time 
clear  serum  will  be  found  over  the  top  of  the  clot,  and  between  the  clot 
and  the  jar.  This  should  be  pipetted  off,  preferably  with  a  large  pipette 
of  50  to  100 c.c.  capacity,  or  siphoned  oft  with  sterile  glass  tubing,  and 
transferred  to  sterile  flasks. 

To  three  parts  of  the  clear  serum  is  then  added  one  part  of  a  one 
per  cent  glucose  beef  infusion  or  veal  infusion  bouillon.  The  mixture  is 
filled  into  tubes,  perferably  the  short  test  tubes  commonly  used  for 
diagnostic  diphtheria  cultures.  The  tubes  are  then  placed  in  a  slantir^ 
position  hi  the  apparatus  known  as  an  inspissator  (see  p.  71).  This  is 
a  double-walled  copper  box  covered  by  a  glass  lid,  cased  in  asbestos, 
and  surrounded  by  a  water  jacket.  It  is  heated  below  by  a  Bunsen 
flame.  Together  with  the  tubes  a  small  open  vessel  containing  water 
should  be  placed  in  the  inspissator  to  insure  sufficient  moisture.  The 
temperature  of  the  inspissator  is  now  raised  to  TC-ZS"  C,  care  being 
taken  that  the  rise  of  temperature  takes  place  slowly.  The  temperature 
ism^tained  at  this  point  for  two  hours,  and  the  process  is  repeated,  for 
the  same  length  of  tune,  at  the  same  temperature,  on  six  successive 
days,  preferably  without  removing  the  tubes  from  the  inspissator  at 
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any  time.  It  is  also  possible,  though  less  r^ularly  yielding  good  results, 
to  sterilize  in  the  inspissator  for  one  day,  following  this  on  the  second 
and  third  days  by  exposure  for  thirty  minut«s  to  100°  C.  in  the  Arnold 
steam  sterilizer.  In  doing  this,  the  Arnold  should  be  very  gradually 
heated,  at  first  without  outer  jacket,  this  being  lowered  only  after 
thorough  heating  has  taken  place.  * 

Serum-Water  Media  for  FermerUation  Tests. — For  the  deter- 
mination of  the  fermentative  powers  of  various  microorgsnisms 
for  purposes  of  differentiation.  Hiss  has  devised  the  following  media 
in  which  the  cleavage  of  any  given  carbohydrate  is  indicated, 
not  only  by  the  production  of  an  acid  reaction,  but  by  the  coagulation 
of  the  serum  protelds. 

Obtain  clear  l>wf  serum  by  pipetting  from  clotttd  blood  in  the  same 
way  as  this  is  obtained  for  the  preparation  of  I.ioefflcr'3  blood-serum 
medium.  Add  to  this  two  or  throe  timoK  it»  bulk  of  di3tille<l  wat/^r, 
making  a, mixture  of  serum  and  water  in  proportions  of  one  to  two  or 
thn-e.  Heat  the  mixture  for  fift«en  minut<>.s  in  an  Arnold  sterilizer  at 
100°  0.  to  destroy  any  diastatic  ferments  present  in  the  serum.  Add 
one  per  cent  of  a  five  per  cent  aqueous  litmus  solution  {the  varia- 
tion in  the  diflerent  litmus  preparations  as  obtained  in  laboratories 
necessitates  a  careful  addition  of  an  aqueous  litmus  solution  until 
the  proper  color,  a  deep  transparent  bliin,  is  obtainod,  rather  than 
rigid  adherence  to  any  quantitative  din'ctiona).  Add  to  the  various 
fractions  of  the  medium  thus  made  one  per  cent  respectively  of  tlie 
sugars  which  arc  to  Ik;  used  for  the  testit. 

For  the  preparation  of  inulin  meilium,  made  in  this  way  for  pneu- 
mococcus-streptococcus  diffcrontiation,  it  is  necessary  to  sterilize  the 
inulin  diHsolved  in  the  water  to  be  added  to  the  serum  in  an  autoclave 
at  high  temperature  (15  pounds  for  15  minutes)  in  order  to  kill  spores 
before  mixing  with  the  scrum.  The  serum-water  media  are  sterilized  by 
the  fractional  methcHi  at  100°  C,  at  which  temperature  they  remain  fluid. 
Special  Uodia  for  Colon-Typhoid  Diflerentiation.' — Hiss'  Plating 
Medium.*— The  comixwition  of  this  medium  is  as  follows: 

Agar 15  pns. 

Uelntin 15     " 

I.icbig'a  meat  extmct 5     " 

Sodium  chloride 5     " 

Dextrose 10     " 

Distilled  wat^T 1,000  c.c. 

<  For  details  at  use  of  tliiwe  Fipcctal  media  see  also  nhapb-r  on  Bacillua  ty]>hoAus. 
'//ws.  Jour,  Kxp.  Med.,  ii,  lSlt7;  Jour  Meii.  Iteacttrch,  viii,  1902. 
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The  agar  is  thoroughly  dissolved  in  1,000  c.c.  of  distilled  water.  When 
the  agar  is  melted,  the  gelatin,  meat  extract,  and  salt  are  added  and  dis- 
solved by  further  heating.  Any  loss  in  weight  is  then  adjusted  by  the 
addition  of  water.  No  titration  or  adjustment  of  reaction  is  Necessary. 
The  medium  shouki  be  cleared  with  the  whites  of  two  eggs,  and  filtcre<l 
through  cotton.  To  the  cleared  mirdiiun  is  added  one  per  cent  of  dex- 
troee,  and  the  medium  tul>etl,  alwut  8  c.c.  to  each  tube,  and  sterilized. 
Hiss'  Tube  Medium. — The  composition  is  as  follows: 

Agar 5  gms. 

Gelatin 80     " 

LiebiK's  meat  extract 5    " 

Sodium  chloride 5    " 

DextroBe 10     " 

Distilled  water 1,000  c.c. 

The  method  of  preparation  \s  the  same  as  for  the  plating  medium.  The  agar 
ifi  thoroughly  dissolvml,  and  then  the  gelatin,  meat  extract,  and  Malt  are  added 
and  dissolved.  After  adjusting  the  \osa  in  weight,  tlic  volume  should  bo  deter- 
mioed,  a  careful  titration  made,  and  the  reaction  adjusted  t^  one  and  five-tcntlis 
per  cent  acid  by  the  addition  of  \  HCl  solution.  The  medium  is  cleared  with 
eggs,  filtered,  and  one  per  cent  dextrose  added.  It  b  then  tubed  and  sterilized. 
Hease's  Medium.' — The  medium  fU'vLsctl  by  Hesse  for  typhoid-colon 
differentiation  depends  for  it's  usefulne.ss,  as  does  the  Hiss  tube  mediimi, 
upon  the  great  motility  of  the  typhoid  bacillus.  It  may  be  used  directly 
for  the  examination  of  feces  or,  as  suggested  by  Jackson  and  Melia,* 
after  preliminary  enrichment  of  the  material  to  be  examined  by  the  use 
of  the  lactose-bile  medium  of  Jackson.  (See  p.  138.) 
The  Hesse  medium  is  made  up  as  follows: 

Agar 5  gtna.  (4.5  gms.  absolutely  dry) 

PepUm  (Witte) 10    " 

iJebig's  beef  extract 5    " 

Sodium  chloride 8.5     " 

Distilled  water 1,000  c.c. 

Jackson  and  Melia  found  that  the  use  of  4.5  gms.  of  completely 
dried  agar  give  more  unifonn  results,  as  the  amount  of  moisture  in 
commercial  agar  varies.     The  preparation  of  the  medium  is  as  follows: 

Dissolve  4.5  gms.  of  dry  agar  in  500  c.c.  of  distilled  water  over  a  free  flame, 
making  up  for  loss  by  evaporation.  In  another  vessel  10  gms.  of  pepton,  5  gms. 
of  beef  extract,  and  8.5  gms.  salt  are  dissolved  in  500  c.c.  distilled  water.  This 
may  be  heated  until  dissolved  and  loss  hy  evaporation  made  up. 

■  Heme,  Zeit.  f.  Uyg.,  Iviii,  19C».     ■  Jaclaum  and  Mdia,  Jour,  of  luf .  Dis.,  vi,  1009. 
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The  solutions  are  mixed  and  tieated  thirty  miDUtee;  loee  by  evaporation  i« 
then  made  up  and  the  solution  is  filtered  through  cotton.  The  reaction  is  ad- 
justed to  one  per  cent  acidity  and  the  medium  tubed — 10  c.c.  to  each  tube. 

The  typhoid  bacillus  is  characteristic  on  the  Hesse  medium  only  when  the 
dilution  poured  in  the  platca  is  so  high  that  only  a  few  colonies  appear.  The 
typhoid  colonies  arc  much  larger  than  are  the  colon  colonies  and  may  often  be 
several  centimeters  in  diameter. 

Conradi-Drigalski  Medium.^ — Or^pnal  directions. 

(a)  Three  pounds  of  meat  are  infused  in  two  liters  of  water  for  twelve  hours 
or  more.  Strain,  boll  for  one  hour  and  add  20  gms.  Witt«'s  pepton,  20  gms.  of 
nutmse,  10  gms.  of  NaCI;  boil  one  hour  and  Alter.  Add  60  gms.  of  agar.  Boil 
for  three  hours  (or  one  hour  in  an  autoclave)  until  agar  is  dissolved.  Render 
weakly  alkaline  to  litmus  paper,  filter,  and  boil  for  half  an  hour  more. 

(b)  Litmus  solution:  Two  hundred  and  sixty  c.c.  of  litmus  solution  are 
boiled  for  ten  minutes.  (Tlie  Utmus  solution  used  by  Conradi  and  Drigalski 
is  the  very  sensitive  aqueous  litmus  recommended  by  Kubel  and  Ticmann,  and 
purchasable  under  the  name.)  After  boiling,  30  grams  ol  chemically  pure  lac- 
tose are  added  to  the  litmus  solution.  The  mixture  is  then  boiled  for  fifteen 
minutes,  and,  if  a  sediment  has  formed,  is  carefully  decan*^. 

(e)  Add  the  hot  lactose  mixture  to  the  hot  agar  solution;  mix  well  and, 
if  necessary,  again  adjust  to  weak  alkaline  reaction,  litmus  paper  used  as  an  in- 
dicator. To  this  mixture  add  4  c.c.  of  a  hot,  sterile  ten  per  cent  solution  of 
3o<lium  carbonate,  and  20  c.c.  of  a  freshly  made  solution  of  crystal  violet  (c. 
p.  Ilochst),  0.1  gram  in  100  c,c.  of  sterile  distilled  water. 

Surface  smears  arc  made  upon  large  plates.  These  are  incubated 
twenty-four  hours.  Typhoid  colonies  are  small,  blue,  and  transpavent. 
Colon  colonies  arc  large,  red,  and  opaque. 

Etido's  Metlium.'—l.  Prepare  one  liter  o'  meat  infusion  three  per  cent 
^ar,  containing  10  grams  of  pepton  and  5  grams  of  NaCl. 

2.  Neutralize  and  clear  by  filtration. 

3.  Add  10  c.c.  of  10%  sodium  carbonate  to  render  alkaline. 

4.  Add  10  grams  of  chemically  pure  lactose. 

5.  Add  5  c.c.  of  alcoholic  fuchsin  solution,  filtered  before  Rising.  (Endo  in 
his  original  contribution  docs  not  mention  the  strength  of  this  fuchsin  solu- 
tion, which,  however,  should  be  saturated.    This  colors  the  medium  red. 

6.  Add  25  c.c.  of  a  10%  sodium  sulphite  solution.  This  again  decolorises 
the  medium,  the  color  not  entirely  disappearing,  however,  until  the  agar  is 
cooled. 

7.  Put  into  test  tubes,  15  c.c.  each,  and  sterilize. 

1  Conradi'Dngalski.  Zeit.  f.  Hyg..  xxxU,  19CG. 
>  Endo,  Cent.  f.  Bakt.,  xxxv,  1004. 
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The  medium  should  be  kept  in  dark.  Plates  are  poured  and  surface  smears 
made.    The  typhoid  colonies  remain  colorless,  white  those  of  coli  become  red. 

The  preparation  of  Endo's  medium  presents  difficulties  due  to  the 
varying  purity  of  sodium  sulphite.  Kastle  and  Elvove  '  recommend  the 
use  of  anhydrous  sodium  sulphite  instead  of  the  crystallized  variety. 
Harding  and  Ostenbei^  *  add  sodium  sulphite  solution  to  a  measured 
anioiuitof.5per  cent  fuchsin  to  determine  the  proportions  which  give  the 
greatest  delicacy  of  reaction  as  tested  with  formaldehyde.  The  propor- 
tions so  determined  are  then  added  to  the  hot  3  per  cent  agar. 

Although  Endo  described  his  medium  as  dependent  upon  the  forma- 
tion of  acid  by  the  bacteria,  this  is  not  so.  Acida  give  no  coloration  of 
the  sulphite-fuchsin  mixture.  Indeed  this  mixture  is  used  by  chemists 
under  the  name  of  Schiff's  reagent  as  a  test  for  aldehydes.  Acids  decol- 
orize the  red  caused  by  aldehydes,  and  this  accounts  for  the  frequent 
late  discoloration  of  red  colon  colonies  on  prolonged  cultivation.  The 
medium  is  red  when  hot,  and  colorless  when  cold,  because  the  com- 
pound between  sulphite  and  fuchsin  dissociates  in  the  hot  solution. 

Kendall's  Modification  of  Endo's  Mediwn.^—1.5  per  cent  meat  extract  agar 
is  prepared,  and  the  reaction  adjusted  faintly  alkaline  to  litmus  by  the  addition 
of  NaOH.  This  agar  is  stored  in  Bmall  flasks  and  it  is  usually  convenient  to 
keep  flasks  containing  100  c.c.  each.  Just  before  use,  1  per  cent  of  lactose  is 
added,  and  then  decolorized  fuchsin  solution,  as  in  Endo's  mediimi.  Add 
about  1  c.c.  of  decobrized  fuchsin  solution,  made  up  as  above  by  mixing  roughly 
prepared  10  per  cent  sodimh  suiphitc  with  saturated  alcoholic  fuchsin.  (The 
proportions  of  fuchsin  and  sulphite  are  sometimes  difficult  to  adjust,  possibly 
by  reason  of  impurities  in  the  sulphite  due  to  formation  of  sulphate.  The  in- 
structbns  given  by  moat  workers  at  present  are  to  use  10  c.c.  of  a  10  per  cent 
aqueous  solution  of  sodium  sulphite,  and  to  add  to  this  1  c.c.  of  a  10  per  cent 
solution  of  fuchsin  in  96  per  cent  alcohol.)  When  these  flasks  containing  the 
various  ingredients  are  hot  they  are  red  or  pink,  but  when  plates  are  poured 
and  allowed  to  harden,  the  medium  should  be  cither  colorless  or  very  faintly 
jnnkish.  It  is  best  to  pour  a  number  of  plates  rather  thickly  and  then  allow 
them  to  dry  with  the  covers  off.  Inoculations  from  the  feces  solution  are  then 
made  by  surface  smear,  with  a  bent  glass  rod.  Colon  colonies  are  pinkish  and 
red;  typhoid  colonies,  smaller  and  grayish. 

In  concluding  the  description  of  some  of  the  most  important  typhoid  isola- 
tion media,  we  would  like  to  add  that  a  great  deal  seems  to  depend  upon  the 

'  KruUe  and  Elvove,  Jour.  Inf.  Dis.,  xvi,  1909. 

*  Harding  and  OnUnberg,  Jour,  of  Inf.  Dia,,  xi,  1,  1909. 

■  Keudail,  BoBtoa  Med.  &  Surg.  Jour. 
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habit-acquired  skill  which  the  individual  worker  attfuna.  None  of  these  stool 
isolation  media  are  ordinarily  successful  at  once  in  the  bands  of  anyone,  and  a 
certain  amount  of  practice  must  be  attained  before  one  can  judge  of  the  use- 
fulDe.8  or  uselessness  of  a  medium. 

BriUiatU  Green  Agar  for  Typhoid  laoUUion. — Knimwiede  has  recently 
devised  a  brilliant  green  agar  with  which  he  has  had  excellent  resulta.' 
The  basis  is  an  extract  agar  like  that  used  for  Endo's  medium: 

Beef  Extract 0.3% 

Salt O.S% 


AgM 1.5% 

(Domestic  peptones  are  satisfactory.) 

Dissolve  in  autoclave;  clear  and  filter.  A  clear  agar  is  essential.  The  final 
reaction  of  the  medium  is  to  be  neutral  to '  Andradc'a  indicator,  which  in  tenns 
of  phenolphthalein  is  0.6-0.7%  acid  (normal  HCl).  It  is  more  convenient  to 
have  the  reaction  set  slightly  alka'ine  to  litmus  at  th*;  time  of  preparation  and 
to  acidify  each  bottle  as  used.  The  agar  is  bottled  in  100  c.c.  amounts  and  auto- 
claved.  When  needed,  the  botflej  are  melted  and  the  volume  of  each  cor- 
rected (if  necessary)  to  an  approximate  100  c.c.    Add  to  each  bottle: 

One  per  cent  Andrade's  Indicator. 

Acid  to  bring  to  neutral  poiut  of  the- indicator.* 

One  per  cent  Lactose.' 

0.1  per  cent  Glucose.* 

Brilliant  Green  in  0.1  per  cent  aqueous  solution. 

Two  dilutions  of  dye  arc  used  in  routine  plating,  corresponding  to  1-500,000 
and  1-330,000  in  t«mi8  of  solid  dye  (0.2  c.c.  and  0.3  c.c.  of  0.1  per  cent  solution 
per  100  c.c.  of  agar).  The  sample  of  dye  which  Krumwiede  has  used  is  from 
Bayer,  but  he  has  also  tested  and  found  equally  satisfactory  samples  from 
Grfibler  and  Hiichat.  0.1  gram  of  dj-c  is  accurately  weighed  on  a  foil,  washed 
with  boiling  H|0  into  a  100  c.c.  volumetric  flask  and  made  up  to  the  mark 
when  coot.  The  flask  should  be  clean  and  neutral  (by  test).  Fresh  Eolutiona 
vary  in  activity  (sec  standardization  t«3ta);  they  keep  about  a  month. 

'  We  ace  indebted  to  Dr.  Kramitrieiie  for  a  preliminary  account  of  this  method. 

*  Andrade's  Indicator:  0.5  per  cent  aqueous  acid  fuchsin 100  c.c 

Nwrnal  NaOH 16  c.c. 

The  dye  is  slowly  (2  houis)  alkaliniied  to  the  oolor-base;  Uic  red  tint  is  leetored  by 

•  An  agar  is  neutral  to  Andrade  when,  hot,  the  cotor  is  a  deep  red,  but  fades  com- 
pletely on  cooling.  This  is  determined  by  cooling  3  or  4  c.c.  of  acidified  hot  agar 
in  a  serum  tube  under  the  tap  and  adjusting  accordingly. 

•These  arc  i»nveaiontly 'added  from  one  st*^rilo  solution  containing  20%  lactose 
and  2%  dextrose,  5  c.c.  to  100  of  agar  gives  the  requisite  concentration. 
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Each  bottle  ia  mixed  and  poured  into  six  plates  only  (a  thick  layer  of  agar 
{pves  the  most  characterist'c  colonies).  Plates  are  left  UDCOvered  until  agar 
has  "jellied";  porous  tope  are  used;  dry  plates  are  essential  to  avoid  diffusion. 

Standarduation:  The  agar  must  have  proper  "baUnce."  The  reaction  ia 
important;  sediment  reduces  the  activity  of  the  dye  and  light  colored  media 
arc  better  than  darker  ones.  Different  lots  of  agar  with  the  same  dye  solution 
act  ununiformty;  a  new  batch  or  a  new  solution  muet  be  tested. 

Any  variation  in  the  composition  of  the  media  necessitates  a  readjuBtmest 
of  dye  concentration;  this  statement  cannot  be  over-emphasized. 

Brilliant  green,  in  appropriate  dilutions,  not  only  inhibits  all  Gram- 
podtive  and  many  Gram-negative  bacteria,  but  exhibits  differentia! 
action  on  the  colon-typhoid  group.  Paratyphoid  and  the  B.  lactis 
fterr^enrs  are  untouched,  typhoid  is  restrained  only  at  low  dilutions, 
while  dysuntery  and  the  other  colon  group  are  extremely  .susceptible. 
The  typhoid  colony  on  this  medium  is  oharacteriatic.  Looking  through 
the  plate  against  a  dark  surface,  in  oblique  light  the  colony  has  a  snow- 
lliike  appearance;  the  edge  delicately  serrate.  With  artificial  light  and 
a  hand  lens,  the  texture  is  that  of  a  coarse  woolen  fabric.  Acid  produc- 
tion from  the  trace  of  glucose  may  tinge  the  colony.    The  colony  is  large. 

MaUtdiile-Green  Bouillon  (Peabody  and  Pratt).' — To  100  c.c.  of  beef  in- 
fusion broth  add  10  c.c.  of  one  per  cent  solution  of  malachite  green,  Hdchst 
120,  made  with  sterile  water.    This  is  tubed. 

This  medium  is  used  as  an  enriching  fluid.  One  drop  of  the  suspected 
material  (emulsified  s1>ool)  is  added  to  each  tube  and  after  incubation 
for  eighteen  to  twenty-four  hours  inoculations  may  be  made  upon  plates.  . 

Pealxxly  an<l  Pratt  found  a  reaction  of  .5  per  cent  acidity  to  phenol-  ' 
phthalein  most  favorable. 

BiU  Medium*. — (Recommended  for  blood  cultures  by  Buxton  and 
Coleman.)     The  medium  is  prepared  as  follows: 

Ox-biie 900C.C. 

Glycerin 100  c.c. 

Pepton 20  graniB 

Put  into  small  flasks  containing  quantities  of  about  100  c.c.  each  and  sterilized 
by  fractional  sterilization. 

Jackson's  Lactose-Bile  Afedium." — This  medium  is  of  great  use  in 
isolating  B.  typhosus  and  B.  coli  from  water,  and  serves  as  a  valuable 
enriching  medium  in  isolating  them  from  other  sources.     Jackson  and 

'  Peabody  and  ProH,  Bwton  Med,  and  Surg.  Jour.,  clviii,  7,  1908. 

'Cimradi,  Deut.  med.  Woch.,  32,  1906. 

'  Jackma,  -  ttv>\.  Sludios  of  Pupils  of  W.  T.  Soilgwick,"  190(i,  Univ.  Chicftgo  Press. 
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Melia  '  found  that  in  this  medium  B.  typhosus  and  B.  coli  outgrow  all 

other  microorganisms  and  eventually  B.  typhosus  will  even  outgrow  B.  coli. 
It  conasts  of  sterilized  undiluted  ox-bile  (or  a  ten  per  cent  solutjon  of  dry, 

fresh  ox-bile)  to  which  is  added  one  per  cent  pepton  luid  one  per  cent  lactose. 

It  is  filled  into  fenneotatioD  tubes  and  sterilized  by  the  fractional  method. 
MacConkey's  Bile-Soli  Agar. — 

Sodium  glycocholate 0.5  percent. 

PeptoD 3,0  "      " 

Lactose 1.0   "      " 

Agar 1.5  "      " 

Tap  water q.s. 

The  agar  and  pepton  are  dissolved  and  cleared  and  the  lactose  and 
sodium  glycocholate  added  before  tubing.  The  B.  typhosus  produces  no 
change;  B.  coli,  producing  acid,  causes  precipitation  of  the  bile  sfdts. 

Neutral-Red  Medium. — To  100  c.c.  of  a  one  or  two  per  cent  glucoae  agar  add 
I  c.c.  of  a  saturated  aqueous  solution  of  a  neutral-red. 

The  medium  ib  used  in  tulxs,  stab  or  shake  cultures.  The  typhoid  bacillus 
produces  no  change,  while  members  of  the  colon  group  render  the  medium  color- 
less by  reduction  of  the  ueutral-rcd  and  produce  gas. 

Barsiekme's  Medium? — To  200  c.c.  of  cold  water,  add  10  grams  of  nutrose 
and  allow  to  soak  for  one-half  to  one  hour.  Pour  this  into  800  c.c.  of  boilii^ 
water,  and  heat  for  twenty  minutes  in  an  Arnold  sterilizer  at  100°  C.  Filter 
through  cotton  and  to  the  opalescent  solution  of  nutrose  add  5  grams  of  NaCI, 
10  grams  of  lactose,  and  sufficient  aqueous  litmus  solution  to  give  a  pale  blue 
.  color." 

Riisseil'a  DotM^  Sugar  Agar.* — Russell  has  devised  a  ample  medium  for 
quick  identification  of  typhoid  bacilli. 

A  2%  or  3%  extract  agar  ia  used,  about  0.8%  acid  to  phcnolphthalein  0.8%. 
Enough  litmus  solution  Ls  added  to  give  it  the  ordinary  deep  blue.  The  re- 
action is  then  adjusted  with  sodium  hydrate  until  neutral  to  Htmus.  Finally 
1%  lactose  and  0.1%  glucose  (dissolved  in  a  small  amodnt  of  hot  water)  are 
added,  the  medium  Is  carefully  sterilized  in  the  Arnold  sterilizer  and  sltuited. 
Inoculations  are  made  by  surface  streak  and  stab.  The  tj-phoid  bacillus  grows 
colorless  on  the  surface,  but  under  the  imperfect  anaerobic  conditions  at  the 
bottom  of  the  stab,  a  bright  red  color  ia  developed  by  acid  formation. 

Dieudonne's  Selective  Medium  for  cholera  spirillum.    See  page  584. 

Enriching  Substances  Used  in  H«dia. — For  the  cultivation  of  micro- 

'  Jackson  and  Mdia,  Jour.  Inf.  Dis.,  vi,  1909. 

'Bargiekoii;  WJen.  kUn,  Rund,,  xliv,  1901. 

'  Filtration  mny  be  done  through  paper,  but  takes  a  long  time. 

*Siuadl,  Jour.  Med.  Reaearch,  itxv,  1911,  217. 
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IS  which  are  sensitive  to  their  food  enviFonment,  it  is  often  neces- 
saty  or  advisable  to  add  to  the  ordinary  media  enriching  substances, 
which  empirical  study  has  shown  to  favor  the  growth  of  the  organism 
in  question.  The  substances  most  commonly  used  for  such  enrichment 
are  glucose,  nutrose  (sodium  caseinatc),  glycerin,  sodium  formate,  and 
unsolidiiied  animal  proteids.  As  animal  and  blood  serum  and  whole 
blood  must  frequently  be  used  in  this  way,  an  miderstanding  of  the 
methods  employed  in  obtaining  these  substances  is  necessary. 

Method  of  Obtaining  Blood  and  Blood  Media. — Blood  serum  from 
beef  and  sheep  may  be  collected  in  the  manner  recommended  for  the 
collection  of  such  scrum  in  the  preparation  of  Loefflcr's  medium,  pipetted 
into  test  tubes,  and  sterilized  in  the  fluid  state  by  exposure  to  tempera- 
tures ranging  from  60°  to  65°  C,  for  one  hour  upon  sue  consecutive  days. 
It  is  not  a  simple  matter  to  sterilize  serum  in  this  way  and  requires  much 
time  and  care. 

The  method  most  commonly  employed,  in  laboratories  which  have 
access  to  hospitals,  for  obtaining  clear  serum  depends  upon  the  collection 
of  exudate  or  transudate  fluids  by  sterile  methods  directly  from  the 
pleural  cavity,  the  abdominal  cavity,  or  the  hydrocele  cavity.  Sterile 
flasks  or  test  tubes  are  prepared  and  the  fluid  is  allowed  to  flow  directly 
out  of  the  cannula  into  these.  It  is  necessary  to  avoid  carbolic  acid  or 
other  disinfectants  in  sterilizing  instrumcnlp  and  rubber  tubing  used 
during  the  operation.  These  should  be  brought  into  the  ward  in  the 
water  in  which  they  have  been  boiled  and  not  in  strong  antiseptic  solu- 
tions, as  is  frequently  done.  The  fluid  so  obtained  may  be  incubated 
and  the  contaminated  tubes  discarded.  The  serum  may  then  be  added, 
in  proportions  of  one  to  three,  to  sterile  broth  or  melted  agar. 

Agar  thus  used  is  melted  and  cooled  to  60°  C,  or  below.  One-third 
of  its  volume  of  warmed  exudate  fluid  is  added,  and  the  plates  arc 
poured. 

Serum  may  be  rendered  free  of  bacteria  by  filtration  through  a 
Berkefeld  or  Pasteur-Chamlrerland  filter.  This  is  an  effectual  method, 
but  requires  much  time  and  care. 

■\Vhole  blood  may  be  obt»ned  for  cultural  purposes  by  bleeding 
rabbits  or  di^s  or  other  animals  directly  from  a  bloo<i-vessel  into  tubes  of  . 
melted  ^ar.  In  the  case  of  a  rabltit,  after  the  administration  of  an  anes- 
thetic (ether),  an  incision  is  made  directly  over  the  trachea,  and,  by 
careful  sectitm,  the  caroUd  artery  is  isolated,  lying  close  to  the  side  of 
the  trachea. 
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THE  raTLUXNCE  OF  DTK  STTJTrS  UPON  BACTERIAL  OBOWTH, 
AND  AS  ADDITIONS  TO  SELECTIVE  ICEDIA 

In  describing  the  selective  media  for  typhoid  bacilli  we  have  seen 
that  malachite  green  and  crystal  violet  have  been  fomid  to  exert  a 
certfun  amount  of  selective  action  upon  the  typhoid  and  colon  groups. 
The  selective  influence  of  various  dyes  has  been  recently  again  studied 
by  Churchman.  Churchman '  found  that  the  addition  of  gentian 
violet  in  dilutions  of  1 :  100,000,  to  media,  inhibited  some  bacteria,  while 
others  grew  luxuriantly  in  its  presence.  Extremely  interesting,  both 
practically  and  theoretically,  is  his  observation  that  upon  such  gentian 
violet  media  bacteria  fall  into  two  groups.  Those  which  grow  on 
gentian  violet  correspond  in  a  general  way  to  the  Gram-ncgative  bacteria; 
those  which  fail  to  develop  on  these  media  correspond  roughly  with  the 
Gram-positive  species.  One  stnun  of  the  enteritidis  group  could  not 
be  cultivated  on  gentian  violet,  and  this  was  found  to  differ  from  the 
others  also  in  its  a^lutination  tests. 

SignorelU  *  claims  that  dahlia  is  useful  in  differentiating  true  cholera 
strains  from  similar  spuilla.  The  true  cholera  strains  grew  with  colored 
colonies,  while  others  remain  colorless,  in  his  experiments. 

Krumwiede  and  Pratt '  were  unable  recently  to  confirm  the  plaJms 
of  Signorelli.  However  they  fully  confirm  the  findings  of  Churchman 
both  as  to  the  selective  action  of  gentian  violet  and  in  regard  to  the 
clas^cation  of  bacteria  into  two  groups  corresponding  to  their  reaction 
to  the  Gram  stain.  They  state  that  among  Gram-negative  bacteria  a 
strain  is  occasionally  found  which  will  not  grow  on  the  gentian  violet 
media,  differing  in  this  respect  from  other  members  of  the  same  species. 
They  find  also  that  the  reaction  is  quantitative. 

The  strep tococcus-pneumococcus  group,  according  to  their  investi- 
gations, differs  from  other  bacteria  in  being  able  to  grow  in  the  presence 
of  quantities  of  violet  which  inhibit  other  Gram-positive  species.  DyB- 
entery  bacilli  show  variations.  Other  dyes  which  they  investigated 
showed  no  specific  Inhibitory  properties  which  could  be  utilized  for 
classification. 

■  Churchman,  Jour.  Exp.  Med.,  16,  1912;  alao  Churchman  aad  MitAad,  ibid. 
*Signoreai,  Centralbl.  f.  Bakt.,  Grig.  56,  1912. 

•  Kmmmede  and  PraU,  CentralbL  f.  Bakt-^  Grig.  68,  1913;  and  Proc  N.  Y. 
Path.  Soc.,  xiU,  1913. 
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CHAPTER  VIII 
METHODS  USED  IN  THE  CULTIVATION  OF  BACTERIA 

IROOIILATION  or   MEDIA 

Tati  tranaference  of  bacteria  from  pathological  material  to  media, 
or  from  medium  to  medium,  for  purposes  of  cultivation,  is  usually  ac- 
complished by  means  of  a  platinum  wire  or  loop.  The  platinum  wire 
uaed  should  be  thin  and  yet  possess  a  certain  amount  of  stiffness  and  be 
about  two  to  three  inches  in  length.  This  is  fused  into  the  end  of  a  glass 
rod  six  to  eight  inches  long.  It  is  an  advantage,  though  not  necessarj', 
to  use  rods  of  so-called  "sealing-in"  ^asa  which,  having  the  same  co- 
efficient of  expansion  as  platinum,  docs  not  crack  during  sterilization. 
For  work  with  fluid  media,  the  wire  should  be  bent  at  its  free  end 
so  as  to  form  a  small  loop  which  will  pick  up  a  drop  of  the  liquid.  For 
the  inoculation  of  solid  media  and  the  making  of  stab  cultures,  a  straight 
"needle  "  or  wire  should  be  used.  Other  shapes  of  these  wires  and  spat- 
uliE  from  heavy  wire  have  been  devised  for  various  purposes  and  are 
easily  improvised  as  occasion  demands.     (See  Fig.  27.) 

When  making  a  transfer  from  one  test  tube  to  another,  the  tubes 
should  be  held  between  the  thumb  and  first  and  second  fingers  of  the 
left  hand,  as  shown  in  Fig.  28.  The  plugs  are  then  removed  by  grasping 
them  between  the  small  and  ring  fingers  and  ring  and  middle  fingers  of 
the  right  hand,  first  loosening  any  possible  adhesions  between  glass  and 
plugs  by  a  slight  twisting  motion.  The  platinum  wire  is  held  meanwhile 
by  the  thumb  and  index  fingers  of  the  right  hand  in  the  manner  of  a  pen. 
The  wire  is  heated  red  hot  in  a  Bunsen  flame,  aiKl  is  then  passed  into  the 
culture  tube  without  being  allowed  to  touch  the  glass.  It  is  hekl  sus- 
pended within  the  tube  for  a  few  seconds  to  permit  of  cooling  before 
touching  the  bacteria)  growth.  The  wire  is  then  allowed  to  touch  lightly 
the  surf'ace  of  the  growth  and  a  small  amount  is  picked  up.  {See  Fig. 
29.)  It  is  then  removed  from  the  tube  without  allowing  it  to  touch  the 
rides  of  the  glass,  and  is  passed  into  the  tube  which  is  to  be  inoculated. 
If  the  tube  contains  a  slanted'  medium,  such  as  agar,  a  light  stroking 
:uotion  from  the  bottom  of  the  slant  to  its  ft|)o.\  will  deposit  the  bacteria 
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upon  the  medium  evenly  along  a  central  line.  The  needle  may  also  be 
plunged  downward  into  the  substance  of  the  nutritive  material  so 
that  in  the  same  tube  both  surface  growth  and  deep  growth  may  be 
observed.  If  a  stab  culture  is  to  be  made  in  unslantcd  agar  or  in  gelatin, 
the  needle  is  simply  plunged  straight 
downward  as  nearly  as  possible  along 
the  axis  of  the  medium.  If  a  fluid 
medium  is  being  inoculated,  the  wire 
should  be  introduced  only  into  the 
upper  part  of  the  liquid  and  the  bac- 
teria gently  nibbed  into  emulsion 
against  the  side  of  the  glass.  The 
needle  is  then  removed  from  the  tube, 
the  stopper  cai'efully  replaced,  and  the 
platinum  wire  immediately  sterilized  in 
the  flame.  This  sterilization  of  plati- 
num needles  after  they  have  been  in 
contact  with  bacteria  should  become  - 
second  nature  to  those  working  with 
bacteria,  since  an  infraction  against 
this  rule  may  give  rise  to  serious  and 
widespread  consequence^.  In  burning 
off  platinum  needles  it  is  well  to  re- 
member that  a  part  of  the  glass  rod, 
as  well  as  the  wire  itself,  is  introduced 
into  the  tubes  and  may  become  con- 
taminated, and-  for  this  reason  the 
rod  it.self,  at  least  in  its  lower  two  or 
three  inches,  should  be  paa.scd  through 
the  flame  as  well  as  the  wire,  Aa  an 
extra  prccai-tion  against  contamina- 
s  and  the  protruding  edges  of  cotton 


Fio.  27.— Platinum  Wires. 


tion,  the  lips  of  test  tubes  and  fl 

plugs  may  be  passed  through  the  flame  and  singed. 


THE  ISOLATIOH  OF  BAOTIRIA  IK   PUBK  OTTLTUBE 

It  is  obvious  that  in  many  cases  where  bacteria  are  cultivated  from 
water,  milk,  pathological  material,  or  other  sources,  many  species  may 
be  present  in  the  same  specimen.  It  is  likewise  obvious  that  scientific 
bacteriological  study  of  any  bacterium  can  be  made  only  if  we  obtain 
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this  'particular  spceips  entirely  apart  fpom  otheiB,  in  what  is  known  as 
''pure  culture."  The  earliest  methods,  for  accomplishing  this  were  the 
methods  of  Pasteur  and  of  Cohn  wHo  depended  upon  the  power  of  one 
species  to  outgrow  all  others,  if  cultivated  for  a  sufficient  length  of  time 
in  fluid  media.  This  method,  of  course,  was  inadequate  in  that  it  was 
often  purely  a  matter  of  chance  which  one  of  the  mixture  of  spcpiea 
was  finaDy  obtained  by  itself.  A  later  method,  by  Klebs,  depends 
upon  serial  dilution,  in  test  tubes  of  fluid  media,  by  which  the  eventual 
transference  of  one  germ  only,  to  the  last  tube  was  attempt^l.  Surh 
methods,  none  of  them  of  great  practical  value,  have  been  entirely  dis- 


Fio.  28,— Takino  Plugs  fkom  Tithk'*  bkfohk  Inih'iu.ation. 

placed  by  those  made  possible  by  Koch's  intiTuhictioii  (if  wilid  media 
which  may  Ix;  rendered  fluid  by  heat. 

The  methods  now  employed  for  the  isolation  of  bact<>ria  <lcpend  upon 
the  inoculatiou  of  gelatin  or  agar,  when  in  the  melted  state,  the  thorough 
distribvition  of  the  bacteria  in  these  liquids  by  mixing,  and  the  sub- 
soqueat  con^aling  of  these  media  in  thin  layers.  By  this  means  the  in- 
dividual bacteria,  distributed  in  the  medium  when  liquid,  are  held  apart 
and  separate  when  the  mctlium  becomes  stiff.  The  masses  of  growth 
or  "colonies"  which  develop  from  these  single  isolated  microorganisms 
are  discrete  and  are  descendants  of  a  single  organiwin,  anci  can  be  trans- 
fcrrcil.  by  means  of  a  process  known  as  "colony-fiMhing,"  tofivsh  sterile 
culture  media. 
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PUitng.— The  fiist  method  emploj-ed  by  Koch  for  bacterial 
isolations  was  one  that  consisted  in  the  use  of  simple  plates  of  glaffl, 
about  3x4  inches  in  size,  mounted  upon  a  leveling  stand.  A  wooden 
triangle,  supported  upon  three  adjustable  screw -feet,  formed  the  base  of 
this  apparatus.  Vpon  this  was  set  a  covered  cnstallijing  dish  which 
rould  be  filled  with  ice  water.  Upon  the  top  of  this  rested  the  steriliBed 
pUtes  under  a  bell  jar.  By  screwing  up  or  down  upon  the  supports  of  the 
trianiil''.  leveling  of  the  plate  could  be  achieved  and  contreJled  by  a  spirit 
level  plated  at  its  side.    The  inoculated  gelatin  was  poured  upon  the 


plate  and  spread  and  rapi'.lly  coolod  and  hanlened  by  the  cold  water 
r.-ont;i:ued  in  the  cr\-stallizino:  dL-:h. 

Tl>.-  or:;m:d  mothiMi  of  Ko.'h  has  been  moiifieil  considerably  and  the 
ir,..>thiHl  U!:ivfi>:ilty  emjituyed  at  pR-sent  depemls  upon  the  use  of  circular 
i'i>vi?n.'d'U-H'':5.  the  ?o-oaltei.l  Petri, i'-<h<f:<.  Those  obviate  the  necessitvof 
a.  lovi  liiii;  stLuid  and  preveat  i-oiitaminacion  of  the  plate  when  once 
I">Lir("[.  Kiuh  Petri  dUh  plate  c.^n^Lsts  of  two  i-ircular  ghi^  dishes;  the 
-Tii;dliT  and  hittntn  di:^h  h;is  au  an-a  of  ttj.ij  s.]itare  eentimetera:  the 
lar-j  r  is  iL-rfd  a^  a  cover  tor  the  suialkr.  aii-l  forms  a  loosely  fitting  Ud. 
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The  plates  when  Btted  together  are  sterilised  and  thus  form  a  closed 
cell  which,  if  properly  handled,  may  remain  sterile  indefinitely. 

The  technique  for  mnking  a  jwvr  plate  for  the  purpose  of  isolating 
bacteria  from  mixed  culture  is  as  follows: 

The  actual  "pouring"  of  plates  is  preceded  by  the  preparation  of 
usually  three  graded  dilutions  of  the  material  to  be  examined.  For  this 
purpose  three  agar  or  gelatin  tubes  arc  melted  and,  in  the  case  of  the  agar, 
Me  cooled  to  a  temperature  of  about  42°  C.  in  a  water  bath.  A  platinum 
loopful  of  the  material  to  be  examined  is  transferred  to  one  of  these  tubes. 
The  bacteria  arc  then  thoroughly  distributed  throughout  the  melted 


Fkj.  30. — PouiiiNu  Inuculatbd  Medium  into  pBrnr  Plate. 

g;clatin  or  agar  by  alternately  dtipressing  and  raising  the  plugged  end 
of  the  tube,  giving  it  a  rotarj'  motion  at  the  same  tiiiie.  This  thomughly 
distributes  the  bacteria  throughout  the  medium  without  allowing  the 
formation  of  air-bubblca.  Two  loopfuls  of  this  mixture  are  then  trans- 
ferred to  the  second  tube  and  a  similar  mixing  process  is  n'peiited. 
This  secoiAd  tube  contains  the  bacteria  in  much  grcattr  dilution  than 
the  first  and  the  colonies  which  will  form  in  the  plate  pourotl  from  this 
tube  will  be  farther  apart.  A  third  dilution  is  then  made  by  transferring 
five  loopfuls  of  the  mixture  in  the  second  tube  to  the  third.  This  again 
is  mixed  as  before,    The  contents  of  the  tubes  are  then  poured  into  three 
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Htvriie  P<;tri  (Hwlu't!.  Tlic  pouring  shoulii  bfi  tlotic  with  great  care. 
The  covcF  of  tho  dioh  is  raided  uloiig  one  margiti  simply  far  tsrioiigh  to 
pttrmit  tliu  insertion,  of  the  end  of  the  test  tulte,  the  plug  of  WiiR;hihus 
been  removed  and  the  lips  pas«!d,  with  a-  rotary  movem'int,  thK>Qgh  tlie 
flame.  The  medium,  Li  poui^d  fiiito  the  .dish' without  the  lips 'of  the 
tube  being  allowed  to  touch' cither  the  bottom  or  the  cover  of- the  dish. 
Tho  cover  Is  then  n-placed  and  the  medium  allowcd'to  harden. 

When  agar  ha.s  been  used,  the  dishes  may  be  placed  In  an  incubator 
at  37°  C.  It  Is  well  to  place  the  plates  upside  down  in  the  mcubktor. 
This  prevents  the  condensation  water,  squeezed  out  6f1.he  agarTiJtjr- 
ing  hardening,  from  collecting  on  its  surface,  and  forming  channels  for 
the  diffuse  spreading  of  bacteria.  ■  The  sameend-may  bo-a*tainocibj"  the 
use  of  Petri  plates  [>rovided  with  porous  earthenware  lids,  &n  auggestod 
-  by  Hill.  Simple  inversion  of  the  plates,  however,  usually  suffices.  When 
gelatin  has  been  used,  the  plates  arc  allowed  to  remain  in  a  dark  place  at 
room  temperature  or  in  a  special  thermostat  kept  at  22°-25°  C. 

Colonics  in  agar,  kept  at  37.5°  C,  usually  develop  ineightccn  to  twenty- 
four  hours;  those  in  gelatin  oragar  at  room  temperature  in  from  twenty- 
four  to  forty-eight  hours,  depending  upon  the  species  of  bacteria  which 
are  Iwing  studied.  Often  In  the  second  dilution,  more  frequently  in 
the  third,  the  colonies  will  be  found  well  apart  and  can  then  be  "fished." 
The  process  of  "  colony-fishing  "  is  one  which  requires  practice  and  should 
always  be  done  with  care,  for  upon  its  success  depends  the  purity  ofthe 
sub-culture  obtained,  (tolonies  should  never  be  fished  under  the  naked 
eye,  no  matter  how  far  apart  and  discrete  they  may  appear,  since  not 
infrequently  dose  to  the  eilge  of  or  just  beneath  a  larger  colony  there 
may  lie  a  minute  colony  of  another  species  which  may  be  too  small  to  be 
visible  to  the  naked  oy<r,  but  which,  nevertheless,  if  touched  by  accident 
will  contaminate  the  sub-culture. 

For  proper  "fishing,"  the  Petri  plate  with  cover  removed,  should  be 
placed  upi>n  the  stage  of  the  microscope  and  examinwl  with  a  low  i>owcr 
obje<:tive,  such  as  Ijeitz  No  2  or  &  iss  \  V  The  sterilized  platinum 
n(,'e<lle,  held  in  tht  right  hmd,  w  then  (an  fully  directetl  into  the  hne 
of  focus  of  Ihe  l<  II--  ftliik  the  small  hn^tr  of  tlie  hand  Is  sU-adied  upon 
the  od;;e  of  tlie  mi(.rosco|ic  st  ig(,  Wlun  the  point  of  the  needle  Is 
clearly  visible  through  the  mitro'icopt  it  h  gently  depressed  until  it 
is  seen  to  touch  the  (olonv  and  to  carrj  away  a  portion  of  it.  The 
needle  is  then  withdrawn  without  again  touching  the  nutrient  medium 
or  the  edges  of  the  gla.s-,  or  the  k  ns,  and  transferred  to  a  tube  of  what- 
ever medium   is  <li.sircd.    In  this  way,  individuals  of  one  colony,  de- 
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setauJantp  ((f,,a  single  bftctoiium  of  the  original,  mixture, — are  carried 
over  tQ  the  frcph  iiiRiliuni. 

Btmanh  Roll  Tabes.'— A  nimplc  method  of  ohtnining  separate  coto- 
nicsia  that  devised  by  von  li'amarch  and  known  as  "roll-tube"  cultiva- 
tion. Tubes  of  melteti  gelatin  are  inoculated  with  various  dilutions  of 
thcbaeterifti  mixtui-e  and,  while  still  liquid,  ai'e  laid  in  an  almost  horizon- 


FlU.    ;fl    -HtHT-AK     I'l^VTK. 

tal  position  upon  a  block  of  ire,  which  haa  been  gi-ooved  slightly  by 
nii'iins  uf  a  test  tube  filled  with  hot  water,  Thc^  test  tube  containing  the 
gi'ljitin,  after  being  placed  in  this  groove,  is  rapi<lly  ri'volved  by  piussing 
the  fingers  of  the  right  hand  across  it,  while  its  bivte  is  carefully 
Kteadied   with   the   left   hand.     If  the    i-evolving   is  carried  out  with 

'  Enmarfh.  Zcit.  f.  llyR.,  i,  ISSO. 
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sufficient  speed,  the  gelatin  will  harden  in  a  thin  layer  on  the  inner 
surface  of  the  tube.  The  colonies  will  develop  in  this  layer  and  may  be 
"  fished  "  by  means  of  a  platinum  wire  with  bent  point  introduced  into  the 
tube.  This  method  is  useful  for  certain  purposes,  but  is  too  inconvenient 
for  routine  work.    It  B  now  rarely  used. 

Se^aiation  ol  Bwteria  by  Surface  StwaJdng.— When  it  is  necessary  to 
isolate  bacteria  like  the  gonococcus,  Bacillus  influ- 
cnz£e,  the  pneuraococcus,  and  othere,  which,  because 
of  great  sensitiveness  to  environment  and  possibly  a 
preference  for  free  oxygen,  are  not  readily  grown 
in  pour  plates,  it  is  often  advantageous  first  to 
pour  platos  of  suitable  media,  allow  them  to 
hat<Ipn,  and  then  gently  smear  over  their  surfaces 
dilutions  of  the  infectious  material,  usually  in  three 
01  four  parallel  streaks,      (See  Fig.  31.) 

Upon  such  plates,  if  dilutions  have  been  prop- 
erly made,  and  this  is  only  a  question  of  judgment 
based  upon  an  estimation  of  the  numbers  of  bac- 
teria in  the  original  material,  discrete  colonies  of  the 
microorganisms  sought  for  may  develop,  and  can  be 
"fished  "  in  the  usual  manner. 

The  mctlia  most  favorable  for  the  cultivation  of 
various  microorganisms  will  be  discussed  in  the 
sections  dealing  with  the  individual  species. 

ANAXKOBIO   METHODS 

We  have  seen  in  a  preceding  chapter    (p.  26) 

fj^  32 of.bp  *'i'^*'  n^*ny  bacteria,  the  so-called   anaerobes,  will 

STAr  f'Tn.TivATioN   (Icvclop  Only  in  an  environment  from  which  free 
OP   ANAkiiomt   oxygen  has  been  excluded. 

Bacteria.  -j-f^p  exclusion  of  oxygen  for  purposes  of  anaero- 

bic cultivation  may  be  accomphshed  by  a  variety  of 
methods,  depending  upon  a  few  simple  princijjles  which  have  been 
applied,  either  separately  or  in  combination,  by  many  workers. 

The  earliest  methoris  depended  upon  the  simple  exclusion  of  air  by 
mechanical  devices.  In  other  methods,  the  oxygen  of  the  air  is  displaced 
by  inert  gases  (hydrogen),  and  others  again  depend  upon  the  oxygen- 
absorbing  qualities  of  alkaline  solutions  of  pyrogallol. 

Cultivation  by  the  Hechwical  SxelmioQ  of  Air. — Koch  succeeded  in 
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growing  anaerobic  bacteria  upon  plates  by  simply  dropping  upon  the 
surface  of  the  inoculated  agar  or  gelatin  a  flat  piece  of  sterile  mica.  This 
method,  however,  rarely  succeeds  in  sufficiently  excluding  the  air, 

LiBORius'  Method.' — This  method  consists  in  the  use  of  deeply  filled 
tubes  of  agar  or  gelatin,  from  which  all  oxygen  has  been  removed  by 
boiling  for  fifteen  minutes  or  more.    It  is  advantageous,  as  lias  Icen 
pointed  out  in  the  section  on  anaerobiosis,  that 
media  used  for  this  purpose  should  contain  carbo- 
hydrates in  some  form,  perferably  glucose.     After 
boiling,  the  tubes  are  rapidly  transferred  to   ice 
water  so  that  as  httle  oxygen  as  possible  may  be 
absorbed  during  the  hardening    of    the   medium. 
The  tubes  are  then  inoculated  by  deep  stabs.     After 
inoculation,  the  medium  may  be  covered  with  a 
thin  layer  of   agar,  gelatin,  or  oil    (albolin),   and 
further  sealed  with  seahng-wax  to  prevent  oxygen- 
absorption. 

This  method  may  be  utilized  for  the  isolation 
of  anaerobes  (as  in  the  original  method  of  Libo- 
rius)  by  inoculating  the  medium  just  before  it 
solidifies.  The  tubes  may  be  gently  shaken  in 
order  to  distribute  the  bacteria  throughout  the 
medium  and  then  rapidly  cooled.  In  this  case 
colonies  which  develop  may  be  scattered  through- 
out the  deeper  layers  of  the  agar  or  gelatin,  and 
may  be  "fished"  after  breaking  the  tube. 

E^march's  Method.' — Von  Esmarch  has  applied 
the  principles  of  his  roll-tube  to  the  cultivation  of 
anaerobic  bacteria.  Gelatin  tubes  ^re  inoculated 
as  above  and  roll-tubes  prepared.  The  tubes  are  Fio 
then  set  into  cold  water  to  prevent  melting  of  the  Stab 
thin  gelatin  layer  and  the  interior  of  the  tube  is 
filled  with  melted  gelatin. 

Roux's  Method.*— Anaerobic  bacteria  are  culti- 
vated by  sucking  the  inoculated  gelatin  or  agar  into  narrow  tubes, 
which  are  then  closed  at  both  ends  by  fusing  in  the  flame.     After 
growth  has  taken  place  the  tubes  are  broken  and  the  oi^anism  re- 
covered by  "fishing." 


3.— Deep 
Oi'i-nvA- 
AnaBro- 

Bactehia, 


■  IdboriM,  Zeit.  f.  Hy^,  i,  1886. 

'  Roux,  Ann.  Past., 


'  VoH  Esmarch,  loc,  cit. 
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Fluid  Media  Covered  with  Oil. — Erlenmeyerflasksqr  othervessels 
are  partially  filled  with  glucose-bouillon  over  which  a  thin  layer  of  al- 
bolin  or  other  oil  is  allowed  to  flow.  The  oxygen  is  driven  out  of  the 
liquid  by  vigorous  boiling  for  fifteen  minutes  or  more. 

It  should  be  remembered  whenever  using  this  or  similar  methods  that 
a  layer  of  flrndtril'does  not  form  an  impermeable  seal.  By  covering  an 
alkaline  pyrc^allol  solution  with  oil  It 
can  ea-sily  be  shown  tliat  oxygen  slowly 
difTuses  through  the  oil  into  the  medi- 
um below. 

The  simple  exclusion  of  air,  also, 
is  the  principle  underlying  the  culti- 
vation of  anaerobic  bacteria  in  the 
closed  arm  of  a  Smith  fermentation 
tube. 

Wkigmt's  Meiiiod.' — Wright  has 
described    a    simple    and     exerllont 
method  for  the  cultivation  of  anaero- 
bic bacteria  in  fluid  media.     The  ap- 
paratus necessary  is  easily  improvised 
with   the  mat^-rials  at   hand  in  any 
laboratory.      A  short  piece  of   gla.s3 
tubing,  constricted  at  both   ends  and 
fitted  at  euch  end  with  a  small  pieee  of 
soft-rublxT  tubing,  is  inserted  into  a 
test  tiibe  containing  nutrient    broth. 
The  upper  end  of  the  inserted  ghus 
tubing  is  connect^'d   by,  the    rubbtT 
with   a   i)ipette   ptLssed   through   the 
cotton  plug  in  the  tube.     Th*;  entire 
apparatus,  plus  broth,  may  be  steril- 
ize(l  after  being  put  together.     When 
a  cultivation  is  made,  the  fluid  in  the  test  tulx;  is  inoculated  as  usual.  The 
fluid  is  then  sucked  up  into  the  gla-ss  tubing  until  this  is  comi)let<'ly  filler!. 
A  downflow  of  the  fluid  is  then  prevented  by  i>iacing  thi*  finger  over  the 
pipette  through  which  the  suction  has  been  made  or  by  constricting  a 
small  piece  of  rubber  tubing  at  tached'  to  the  upper  enil  of  the  pijx'tte'. 
The  entire  system  of  tubesisthenpushed  downward  in  sueha  way  that 
both  pieces  of  rubber  tubing,  attached  .to'  the  Crids  jof  .the  Jittlfe  glass 
>  Wright,  J.  H.    Quoted  from  Mallory  and  Wright;  "Fath.  Technique,"  Phila.,  1904. 
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chamber,  are  kinked.  The  entire  apparatus  may  then  be  incubated. 
Growth  of  anaerobic  bacteria  takes  place  within  the  air-tight  chamber 
fonncd  by  the  short  glass  tubing  within  the  test  tube.  The  fluid  in 
the  test  tube,  outside  of  this  chamber,  usually  remains  clear. 

WTicn  cultivation  has  been  successful,  the  bacteria  may  be  obtained 
either  for  morphological  study  or  for  further 
cultivation,  by  simply  allowing  the  fluid  to 
flow  out  of  the  little  air-tight  chamber  back 
into  the  teat  tube.  The  mt-thod  ia  simple  and 
UHually  successful. 

Hethods  Based  opon  the  Displacement  of  Air 
by  Hydrogen. — The  principle  of  air-displace- 
ment by  hydrogen,  first  utilized  by  Mauser,' 
has  been  widely  api>lied  to  the  cultivation  of 
anaerobic  bacteria,  In  sul)stancc  it  consists 
of  the  conduction  of  a  stream  of  hydrogen 
through  an  air-tight  chamber  in  which  plates 
or  tubes  containing  inoculated  media  have  been 
placed. 

For  the  production  of  hydrogen,  the  most 
convenient  apparatus  is  the  Kipp  hydrogen 
generator.  Hydrogen  is  generated  from  zinc 
and  sulphuric  acid  and  this  may  be  passed 
through  a  series  of  Woulfe-bottle.s,  containing 
solutions  of  lead  acetate  and  of  pyrogallic 
acid,  to  remove  traces  of  sulphuretted  hydro- 
gen and  of  o.\ygen,  respectively,  of  Lugol's 
sohiliori  to  absorb  traces  of  acid  vapor,  and 
of  one  with  a  silver-nitrate  solution  to  take 
up  any  hydrogen  arsenide. 

For  the  preparation  of  anaerobic  condi- 
tions where  very  rigid  anaerubiosis  is  neces- 
sary, nitrogen  may  be  used,  which  can  be 
bought  in  tanks  from  coniniercial  firms.  Media. 

For     anaerobic     ciiltivation     upon     solid 
media,  the  inoculated  tuljcs  or  plates  are  placed  in  an  apparatus  such 
as  the  Novy  jar.    This  ia  connecte<l  with  the  hydrogen  apparatus  and 
hydrogen  allowed  to  flow  through  it  for  five  or  ten  minutes,  and  the 
stnp-eocks  then  cFosed. 


—  Whioht'b 
Anai^rohil' 


'  Hauaer,  "  Ucbcr  Faulnisabakterien,"  1885. 
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In  applying  the  hydrogen  method  to  fluid  media,  flasks  contaitting 
the  broth  are  fitted  with  sterile,  tightly  fltting  rubber  stoppers  per- 
forated by  two  holcw,  through  which  gliu»  tubes  are  passed.    One  of 
these  tubes,  the  inlet,  passea  below  the  surface  of  the  liquid.    The  other 
one,  the  outlet,  extends  only  a  short  distance  below  the  stopper  and  is 
always  kept  iibovo  the  surface  of  the  medium.    The  flasks  are  inoculat*^ 
and  hydrogen  is  passed  through  the  medium  so  that  it  enters  the 
long  tube,  bubbles  up  through  the  fluid,  and  lem-es  by  the  short  tube. 
The  broth  may  be  covered  with  a 
thin  layer  of  liquid  paraffin  or 
allxjlin. 

The  Um  ot  FTrogallic  Add 
Diuolvod  in  Alkaline  Solntloiu 
for  Oxygen  AJworption.— Uuchiier' 
has  applii-d  the  principle  of 
chemical  absoipt ion  for  the  re- 
moval of  oxygen  to  the  culti\'a- 
tion  of  anaerobic  battteria.  This 
has  been  made  use  of  in  a 
number  of  different  ways.  The 
method  is  based  upon  the  fact 
that  alkaline  stihitions  of  pyro- 
gaUol  possess  the  power  of  ab- 
sorbing large  quantities  of  free 
oxygen.  .\t  first  such  solutions 
arc  of  a  light  straw-color,  which 
becomes  dark  brown  as  oxygen 
is  absorbctl.  The  absorption  of 
all  the  oxygen  in  the  environ- 
ment may  be  a^umed  when 
there  i.s  no  further  deepening  of 
the  brown  color. 

Buchner  first  utilized  this 
principle  by  placing  it  small  wire  or  glass  holder  within  a  large  teat 
tulje,  dropping  drj'  pyrogallol  (pyrogallic  acid)  into  the  bottom  of  this 
tube,  then  running  thirty  per  cent  sodium  hydrate  solution  into  it, 
and  inserting  within  this  large  tube  a  smaller  test  tube  containing  the 
inoculated  culture  medium.     The  large  tube  was  then  tightly  closed 

■  Uuchrur,  Cent.  f.  Bakt.,  I,  iv,  1888. 
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with  a  rubber  stopper.  In  this  way,  the  air  space  surrounding  the 
smaller  tube  was  rendered  oxygen  free. 

A  simple   modifination  of  the   prprefling  method  of  Buchncr  has 
been   devised    by  Wright.'    Stab-cultures  of   gelatin  or  agar  in  test 
tubes&re  made  in  the  usual  way.    The  cotton  stopper  clo-sing  the  tube 
is  then  thrust  into  the  tube  to  such  a  depth  that  its  upper  end  lies  at 
least  1  cm.  below   the  mouth  of   the  tube. 
X  snail  quantity  of  sodium  or   potassium 
hydrate  solution  in  which  some  pyrogaHic 
acid  has  been  dissolved,  is  then  allowed  to 
flow  on  to  the  cotton  of  the  plug  and  the 
mouth  of  the  tube  is  immediat^'ly  scaled  by 
a  tightly  fitting  rubber  stopper.    The  cotton 
stopper  in  these  oa.'<es  must  be  made  of  ab- 
sorbent cotton;   l..n  to  2.5  c.c.  of  the  pyro- 
gallic  acid  solution  is  usually  sufficient  for 
test  tubes  of  ordinary  size,  • 

For  cultivation  of  anaerobic  bact<>ria 
upon  agar  slants,  a  simple  technique  may  Ik' 
applied  and  easily  improvised  in  the  labora- 
tOfyaa  follows:  The  tulx>  of  slant  agar  is 
inoculated  with  the  infectious  material  in  the 
usual  way.  It  is  then,  with  stopper  removed, 
inverted  into  a  tumbler  or  beaker  containing 
about  a  gram  of  dry  pyrogallic  acid.  A 
small  quantity  of  a  five  per  cent  or  thii'c 
per  cent  sodium  hydrate  solution  is  then  run 
into  the  tumbler  and  this  is  covered  with  a 
thin  layer  of  liquid  paraffin  or  albolin  iM'fon; 
the  pyrogallic  aeid  has  been  completely  dis- 
Bolved.     In  this  way,  completely  anaerobic 

conditions  are  obtained  in  the  tube  and  the  '"  \  ~i-  ""'."i".'  '^™' 
growth  of  anaerobes  takes  place  upon  the  ^,,,^  „y  ,,.„p  y^^.  „^  pvmi. 
surface  of  the  slant.  a\i.uc  A*ia  SowTmN. 

For  the  cultivation  of  anaerobes  in  Petri 
diflbes,  for  purposes   of  separation,  a  combination  of  the   pyrogallic 
acid  method    and   the   hydrogen  displacement  methwls  is  often  c'ln- 
ployed.     For  this  purpose  the  jars  devised  by  Novy  and   by  Bulloch 
are  extremely  convenient, 

■  WrigU,  Jour,  of  the  Boston  Siw.  of  .Meil.  Sri.,  Dec..  190a 
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In  using  the  Novy  jar,  tho  inoculated  plivtrs  are  sot  upon  &  wire 
frame  rpsting  about  an  inch  alwtvo  tlw!  bottom  of  the  jar.  The  cover 
is  then  tightly  set  in  placR  and  the  air  in  the  jarexhaust^'tl  by  moans  of  a 
suction  pump.  The  arrangement  of  tho  double  stop-cocli  in  the  top 
renders  it  po.saiblc  now,  by  simply  turning  this,  to  admit  hydrogen  from 
a  Kipp  generator  mto  the  jar.  The  process  of  altcmaU;  exhaustion  and 
aiimission  of  hydrogen  may  be 
several  times  repeated. 

A  combination  of  air  exhaus- 
tion, oxygen  absorption,  and  hy- 
drof^en  replacement  nia,\'  }»e  pmr- 
ticed  in  jars  such  as  that  i^iown 
in  Fig.  39.  Tulx>s  or  plates  after 
inoculation  are  placed  in  this  jur, 
on  a  raised  wire  frame.  Dry  py- 
rogallic  add  is  placed  in  I  be 
bottom  of  the  jar  and  the  cover 
tightly  fitted.  An  opening  in 
the  side  of  the  jar  connects  its 
interior  with  a  bottle  containing 
soilium  or  potassium  hydrate  so- 
lution. Thi-oufth  tho  stopper  of 
this  lx)ttle  pfts,s  two  glass  tube.'', 
one  of  tliem  of  sucli  length  that 
it  can  Ix^  pushed  down  into  the 
alkaline  solution,  oi-  pulled  up- 
ward above  the  level  of  tho  fluiil. 
This  tube  eonueets  the  jjir  viitli 
the  lK>tt!o.  The  other  gia.sstube 
F.<i.  ;«.-jAit  T,m  AnaRrobic  Cri^  j^  ^.^rt,  passing  just  through  tlw 
■stopper  and  at  the  t«p  made  in 
the  form  of  a  T,  one  arm  of  the  T 
being  connected  with  a  Kipp  hyilrogen  f^enorator,  the  other  with  a 
suction-pump. 

After  the  jar  ha.s  been  sealed,  tho  gla.ss  tube  connecting  the  jar  and 
the  bottle  ia  rai-seil  above  the  level  of  the  fluid  in  the  bottle  and,  the  con- 
nection t-o  the  hydrogen  generator  tx-ing  closed,  the  air  in  the  jar  is 
exhausted  with  the  suet  ion -pump.  Connection  to  the  -suction  mnythcn 
Ix!  closed,  and  the  other  arm  of  the  T  lieing  o|>en,  hydrogen  is  aUowcd  to 
flow  into  the  jar.    Alternate  suction  and  hydrogen  replacement  may  be 
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earrietl  out  two  or  three  times.  After  the  last  exhauation,  the  glaan  tube 
in  the  bottle  connecting  it  with  the  jar  ia  pushetl  down  into  the  iluid, 
and  the  vacuum  will  draw  the  Hodium  hydrate  solution  into  the  bottom 
of  the  jar,  disHolving  the  pyrogallol,  which  will  then  absorb  any  traces  of 
free  oxygen  remaining  in  the  jar.  Hydrogen  is  again  introducc<l  and  the 
jar  closed.  If  exhaustion  of  oxygen  has  been  sufficiently  thorough, 
the  pyiogallic  solutionin  the  bottom  of  the  jar  will  remain  light  brown. 

A  simple  method  for  the  separation  of  anaerobes  in  plates  without  the 
use  of  hydrogen  or  of  specially  constructed  jars,  may  be  carried  out  as 
follows  I :  The  appiiratus  used  consists  of  two  circular  glass  dishes,  fitting 
one  into  thp  other  as  do  the  halves  of  a  Petri  dish,  and  similar  to  these 
in  every  resi^ct  except  that  they  arc  higher,  an<l  that  a  slightly  greater 
apace  is  left  between  their  sides  when  they  are  placed  together.    The 


Flo.  39. — Apparatus  for  CoMBiNfN'i  the  Methods  of  Exhaustion,  Hydhocen, 
Repla-cemrnti  and  O.vyoen  Abboupthin. 

dkbes  should  be  about  thrcKi -fourths  to  one  inch  in  height,  they  need 
be  of  no  particular  diameter,  although  those  of  about  the  same  sine  as  ■ 
the  usual  Petri  dish  are  most  convenient.  An  important  requirement 
ncccssarj-  for  the  success  of  the  method  is  that  thi;  trough  left  between  the 
two  plates,  when  put  together,  shall  not  be  too  broad,  a  quarter  of  an 
inch  being  the  most  favorable. 

Into  the  .-inmHer  of  these  plates  the  inoculated  agar  is  pouivd  (Wiictiy 
as  this  is  tlone  into  a  Petri  dish  in  the  ordinary  iterobic  woik.  Pro- 
longcil  boiling  of  the  agar  before  plating  is  not  essential.  When  the  agar 
film  has  become  sufficiently  hard  on  the  bottom  of  the  smaller  dish,  the 
entire  apparatus  is  inverted.    The  smaller  di.sh  is  now  lift(;d  out  of  the 


■  Zineeer,  Jour.  Exp.  Med.,  viii,  1900. 
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larger,  and  placed,  still  inverteil,  ovor  a  moist  surface — a  towel  or  the 
wet  surface  of  the  table — to  prevent  contamination.  Into  the  bottom 
of , the  lai^er  dish,  which  now  stands  open,  there  is  placed  a  quantity 
(about  3  grams)  of  dry  pyrogallic  acid.  Into  this,  over  the  pyrogalUc 
acid,  the  smaller  dish,  still  invertiJ,  is  then  placed.  A  five  per  cent  solu- 
tion of  sodium  hydrate  is  poun-d  into  the  space  left  between  the  eidea  of 
the  two  dishes,  in  quantity  sufficient  to  fill  the  receiving  dish  one-half 
full.  While  this  is  gradually  dissolvii^  the  pyrogallic  acid,  albolin, 
or  any  other  oil  (and  this  is  the  only  step  that  requires  speed),  is 
dropped  from  a  pipette,  previously  filled  and  placed  in  readiness,  into 


Fill.  10.— SiMPLE  Afi-ahatus  for  Piatb    Cuuititioh  or  AHAfiBOBic  Bacteku 

(Zinsser.) 

tho  same  simicc,  thus  completely  scaling  the  chamber  formed  by  the  two 

dishl-H. 

If  these  steps  have  been  performed  successfully,  the  pyn^^Uic  solu- 
tion will  at  this  time  ajipear  of  a  light  brown  color,  and  the  smaller  plate, 
with  its  agar  film,  will  float  unsteadily  above  the  other.  Very  rapidly, 
iis  the  pyrogallic  acid  al)sorbs  the  free  oxygen  in  the  chamber,  this  plate 
is  drjiwn  down  closi;  to  the  other,  and  the  acid  assumes  a  darker  hue, 
wliii'h  renuiins  without  further  deepening  even  after  three  or  four  days' 
incubation. 

The  Use  of  Tnah.  Sterile  TIbbu*  as  an  Aid  to  Anaerobic  Culttntl<m> 
-  -The  addition  of  wniiiU  pieces  of  fresh  sterile  tissue  (rabbit  or  guinea- 
pig)  to  culture  tubes,  either  solid  or  fluid,  greatly  favors  the  growth  of 
anaerobic  bacteria.  By  such  a  method  anaerobes  can  be  made  to  de 
velop  even  when  other  precautions  for  the  establishment  of  anaerobiosiB 
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are  imperfectly  observed.  This  was  noticed  first  by  Theobald  Smith  and 
by  Taroaai  and  has  become  an  extremely  useful  reenforceraent  to  other 
methods.     It  has  been  utilized  most  ext«nsively  by  Noguchi  of  recent 


Fig.  41.— Incubatoh. 


years  in  his  technique  for  the  cultivation  of  various  trcponrmata. 
The  simplest  way  to  apply  this  method  is  to  place  a  piorc  of  freshly 
excised  rabbit  kidney,  testicle,  or  spleen  into  the  bottom  of  a  hish  test 
tube  (20  cm.)  and  ^en  pouring  over  it  the  culture  fluid.     Kidney  oi 
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other  tissues  are  more  suitable  for  this  purpose  than  liver  tissue  since 
the  latter  is  not  easily  obtained  in  a  sterile  condition,  bacteria 
often  getting  into  it  during  life  through  the  portal  circulation.  The 
action  of  the  tissues  depends  proimbly  upon  its  great  reducing 
power. 


TBI   INCrmATION   or   CULTUBES 

After  bacteria  have  been  transferred  to  suitable  culture  media,  it 
is  necessary  to  expotu^  them  to  a  temperature  favorable  to  their  develop- 
ment. In  the  case  of  many  saprophytes, 
the  ordinary  room  temperature  is  suffi- 
ciently near  the  optimum  to  obviate  the 
use  of  any  special  apparatus  for  maint^n- 
ing  a  suitable  temperature;  in  the  case 
of  most  pathogenic  bacteria,  however, 
the  body  temperature  of  man,  37.5° 
C,  is  either  a  necessary  requirement 
for  their  growth,  jr  at  any  rate 
favors  speedy  and  characteristic  dcvelop- 
nfent. 

For  the  purpose  of  ojDtidning  a  unifonn 
tempcniture  of  any  -  n^itired  degree,  the 
apiHtnttiis  in:  general  uatJ'is  the  so-called 
incubator  ,qr.  therinostslt.'  :<rhis  may  be 
adjiistci!  fOr'gHatin"  cultivation  at  20  to 
22°C.,  orfor  agar,  broth^'or  other  media 
at  37.5°  C. 

IncubaloTs,  while  varying  in  detail, 
are  all  constructed  upon  the  swmie  prin- 
ciples. They  consist  of  double-walled  copper  cliamliers,  which  are 
fitted  with  a  set  of  double  doors,  the  outer  being  made  of  asbestos- 
covered  metal,  the  inner  of  glass.  (See  Fig.  41.)  The  space  be- 
tween the  two  walls  is  filled  with  water,  which,  bemg  a  poor 
heat  conductor,  tends  to  prevent  rapid  changes  of  temperature 
within  the  chamber  as  the  result  of  changes  in  the  external 
environment.  Both  walls  are  perforated  above  by  openings  to 
admit  thermometers  into  the  interior  and  one  wall  is  perforatoi 
so  that  a  thermo-regulator  may  be  inserted  into  the  water 
jacket.      The   under   surface   of   the   chamber   is    heated    by  a  gas 


FiQ.  42.— THEBUo-nmiiii 
( Lautcnsdiliiui  t  . ) 


Flo.  4:J.- 
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flame,  the  size  of  which  is  automatically  regulated  by  the  thermo- 
regulator. 

A  number  of  thermo-re^loiors  are  on  the  market,  all  of  them  con- 
structed upon  modifications  of  the  same  principle.  One  of  the  most 
efficient  of  those  in  common  use  b  that  shown  in  Fig.  42.  This  con- 
sists of  a  long  tube  of  glass  litted  with  a  metal  cap  through  which  an  in- 
let tube  {A)  projects  into  the  interior.  Slightly  below  the  middle  of  the 
tube  there  is  a  glass  diaphragm  separating  its  interior  into  two  com- 
partments. In  the  middle  of  the  diaphragm  an  aperture  leads  into  a 
spiral  of  glass  which  projects  into  the  lower  compartment.  The  lower 
compartment  is  filled  with  ether  and  mercury.  The  lowerend  of  the  inlet 
tube  (.4)  has  a  wedge-shaped  slit.  The  gas  from  the  supply  pipe 
passing  through  the  tuljc  (.1)  is  conducted  through  the  slit-like  opening 
in  its  lower  end  into  the  inner  chamber  and  passes  out  to  the  burner 
through  the  elbow  (fl).  When  the  temperature  is  raised,  the  ether  and 
mercury'  in  the  lower  chaml)er  expand  and  the  merrurj'  rises  in  the 
upper  chamber,  gmdiially  restricting  the  opening  through  the  V-shaped 
slit  in  the  inlet  tube.  Thus  the  gas  supplied  to  the  burner  is 
diminished,  the  flame  reduced,  and  the  temperature  again  falls.  The 
temperatuiie  can  be  arbitrarily  adjusted  by  raising  or  lowering 
the  inlet  tube.  A  scale  at  the  upper  end  of  the  inlet  tube  allows 
exact  adjustment.  Complete  shutting  off  of  the  gas  is  prevented  by  a 
small  circular  opening  placed  in  the  inlet  tube  just  above  the  slit. 

.Another  cheaper  and  simpler  tbern  o-regulator  is  shown  in 
Fig.  4.3.  This  consists  of  a  long  tube  open  at  the  top  and  fitted 
about  1  i  inches  from  the  top  with  two  hollow  glass  elbows.  One  of  these 
elbows  remains  oprn,the  other,  situated  on  a  slightly  lower  level,  is  closed 
by  a  brass  scrow-cap.  The  tube  in  filled  with  n:en'urj'  to  a  point  slightly 
above  the  level  of  the  elbow  containing  the  screw-cap.  The  height  of 
the  mercury  can  thus  be  increased  or  decreased  by  strewing  in  or  out 
upon  the  cap.  Into  the  upper  end  of  the  tube  there  is  fitted  another 
device  which  consists  of  a  T-shaped  system  of  glass  tubes,  one  arm 
of  the  T  being  open  and  the  other  closed,  the  perpendicular  leg  of  the 
T  tapering  to  a  minute  opening  at  the  bottom.  .The  gas  passes  into 
one  arm  of  the  T  down  through  the  tapering  leg  and  into  the  space 
immediately  above  the  mercury.  It  then  passes  out  through  the  open 
elbow  of  the  main  tube.  Aa  the  mercury  rises,  it  gradually  diminishes 
the  space  between  its  surface  and  the  small  opening  in  the  tapering  tube 
above  it,  finally  completely  shutting  off  the  gas  from  this  source.  Gas  can 
now  pass  only  through  a  minute  hole  perforating  the  vertical  leg  of  the 
IS 
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T  an  inch  above  its  end.    The  flame  decreases  and  the  temperature 
again  sinks. 

Since  gas  pressure  in  laboratories  is  apt  to  vary,  it  is  convenient  t-'> 
interpose  between  the  gas  supply  and  thermo-regulator  some  one  of  the 
various  forms  of  gaa-pressure  regulators.  The  use  of  these  is  not  ab- 
solutely necessary  but  aids  considerably  in  the  maintenance  of  a  con- 
stant temperature.  The  one  most  commonly  employed  is  the  so-called 
Moitessier  apparatus.  This  consists  of  a  cylindrical  metal  chamber 
within  which  there  b  fitted  an  inverted  metal  bell.  Glycerin  is  poured 
into  the  cylinder  to  the  depth  of  about  two  inches.    An  inlet  pipe  eon- 


Fia.  44. — MoiTEASiKH  Gaw-Prkhhiire  Reoiilator. 

ducts  gas  into  the  open  space  between  the  top  of  the  plycerin  and  the  bell 
From  the  top  of  the  bell  is  suspended  a  conical  piece  of  metal  which  hangs 
free  in  the  outlet  pipe.  As  the  gas  pressure  under  the  bell  increases, 
this  is  raised  and  the  opening  of  the  outlet  pipe  is  gradually  diminished 
hy  the  cone.  Thus  the  relation  between  the  pressure  in  the  inlet  pipe 
and  the  actual  quantity  of  gas  pa.ssing  through  is  equalized.  A  cup  con- 
nect*'d  to  the  top  of  the  bell  through  the  roof  of  the  cylinder  by  a  bar  can 
Im"  filled  with  binishot  and  the  prcsaiire  against  the  gas  ean  thus  he 
modified  to  conform  with  existing  conditions. 
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Oolrai;  Study. — Cultures  arc  usually  mcubateii  for  from  twelve  to 
forty-eight  hours.  Considerable  aid  to  the  recognition  of  species  is 
derived  from  the  observation  of  both  the  speed  of  growth  and  the  ap- 
pearance of  the  colonies.  It  is  therefore  necessary  to  proceed  in  the 
study  of  developed  co  oniqs  in  a  systematic  way.  The  development  of 
colonies  should  be  observed  in  all  eases  both  upon  gelatin  and  upon  agar. 
In  forming  any  judgment  about  colonies,  the  acidity  or  alkalinity,  and 
the  special  constitution  of  the  media  should  be  taken  into  account. 
The  colonies  are  carefully  examined  with  a  hand  lens  and  with  the  low 
power  (Leitz  No.  2,  Zeiss  AA,  Ocular  No,  2)  of  the  microscope.  The 
colonies  should  be  observed  as  to  aiae,  outline,  transparency,  t«xtupc, 
color,  and  elevation  from  the  surface  of  the  media.    Much  information, 


[^C^C^fc 
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Fm.  45.— Variations  in  tkb  Confokmation  of  the  Biihdkiu  ur  Bacterial 
CouxJiKH.    (Alter  Cheater.) 

also,  can  be  obtained  by  olwci-ving  whether  a  colony  sippearH  dry, 
mucoid,  or  glistening,  like  a  drop  of  moisture.  By  a  careful  obser- 
vation of  these  points,  definite  differentiation,  of  course,  can  not  usu- 
ally be  made,  but  much  corroborative  evidence  can  be  obtained  which 
may  guide  us  in  the  methods  to  be  adopted  for  further  identification 
and  for  a  final  summing  up  of  species  characteristic  as  a  whole. 

The  OoDnting  of  Bacteria. — It  is  often  necessary  to  dct«rmine  the 
number  of  bacterin  per  c.c.  contained  in  water,  milk,  or  other  substances. 
Pur  this  purpose  definite  quantities  of  the  material  to  be  analysed  are 
mixed  with  gelatin  or  agar  unil  poured  into  Petri  plat^^s.  The  exact 
dilutions  of  tbesuspected  material  must  largely  depend  upon  the  number 
of  germs  which  one  expects  to  find  in  it.  The  plates,  if  prepared  with 
l^elatin,  are  allowed  to  develop  at  room  temperature  for  twenty -four  to 
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forty-«ight  hours.  If  agar  haa  been  uhoJ,  they  are  usually  placed  in  the 
incubator  at  37.5°  C.  At  the  end  of  this  timo,  the  colonies  which  have 
developed  arc  enumerated.  For  this  purpoHe,aPetri  dish  is  place<l  upon  a 
Wolffhiigel  plate.  Thia  plate  consists  of  a  disk  or  square  of  glass  which  is 
divided  into  small  squares  of  one  square  centimeter  each.  Diagonal  lines 
of  these  squares  running  at  right  angles  to  each  other  are  subdivided  into 
nine  divisions  each  in  order  to  facilitate  counting  when  the  colonies  are 
unusually  abundant.  The  Petri  dish  is  placed  upon  the  plate  in  such  a 
way  that  the  center  of  the  dish  corresponds  to  the  center  of  the  plate. 


/ 

^ 

^ 

— 

^ 

^ 

/\ 

^, 

\ 

L      _ 

# 

■ 

:j::j: 

/ 

i4^ 

\ 

::: 

::: 

\ 

tt 

/ 

\ 

,tti 

ijij: 

' 

M 

\ 

/ 

X 

s 

— 

— 

^ 

Fill.    46— WOUFHLUKL  COUNTINU    I'LATt 

The  colonies  in  a  definite  number  of  squares  arc  then  counteti.  The 
gn^at^'r  the  number  of  squares  that  arc  counUid  the  more  accurate  the 
estimation  will  Ix'.  When  the  growth  is  .so  abundant  that  only  a  timitcil 
nunibiT  of  scjuares  can  be  counted,  these  shoukl  be  chosen  as  much  as 
po8.siblc  from  different  parts  of  the  plat<;,  and  in  practice  one  counts 
usually  six  squares  in  one  direction  and  six  at  right  angles  to  these,  so 
as  to  preclude  errors  arising  from  unp(]ual  distribution.  The  final  calcu- 
lation is  then  made  by  ascertaining  the  average  number  of  colonics  con- 
tained in  each  square  centimeter.    If  standard  Petri  dishes  have  been 
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used,  this  is  multiplied  by  63.6,  the  number  of  squares  in  the  area  of  the 
dish,  and  then  by  the  dilution  originally  used. 

Thus  if  twelve  squaren  have  been  counted  with  a  total  number  of 
tffle  hundred  and  forty-four  coloniea— the  average  for  each  square  is 
twelve.  Twelve  times  63.6  is  763.2,  which  represents  the  total  number 
of  colonies  in  the  plate.  Now  if  0.1  c,c.  of  the  original  material 
(water  or  milk)  has  been  plated,  this  material  may  be  assumed  to  have 
contuned  10  X  763.2,  or  7,632  bacteria  to  each  cubic  centimeter. 

If  dishes  of  an  unusual  size  are  employed,  the  square  area  must  be 
ascertained  by  measuring  the  radius  and  multiplying  its  square  by  it 
{5  X  R'  =  area)  (  «=  3.141592). 


Digitized  by  GOOJ^Ie 
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ANIMAL  EXPERIMENTATION 

Oas  rormation. — Bacteria  of  many  varieties  produce  gas  from  the 
proteid  and  the  carbohydrate  con^ituents  of  their  environment. 

Gas  formation  can  be  observed  in  a  very  simple  manner  by  making 
stab  cultures  in  gelatin  or  agar  containing  the  fermentable  nutrient 
substances.  In  such  cultures  bubbles  of  gas  will  form  along  the  track 
of  the  inoculation,  or,  in  the  case  of  such  semisolid  media  as  the  tube 
medium  of  Hiss,  will  spreatl  throughout  the  tube.  In  the  case  of  some 
anaerobes  gas  formation  in  stab  cultures  will  occur  to  such  an  extent  that 
the  medium  will  split  and  break.  It  should  Iw  borne  in  mind  in  carr}ing 
out  such  methods  that  air  is  readily  carrieti  into  the  medium  with 
the  inoculating  needle  or  loop  by  splitting  of  the  medium,  also  that 
media  which  have  been  storetl  in  the  cold  may  absorb  air.  Expaasion 
of  the  air  in  such  tubes  may  simulate  small  amounts  of  gas  formatiou 
and  lead  to  error.  It  is  advisable,  therefore,  whenever  making  stab 
inoculations  with  the  above  purpose,  to  heat  the  media  and  rapidly 
cool  them  before  use. 

A  more  accurate  method  of  gas  determination  is  by  the  use  of  fer- 
mentation tubes,  such  as  those  cievisetl  by  Smith.  The  gas  which  is 
formed  collects  in  the  closed  arm  of  the  fermentation  tube  and  may  be 
quantitatively  estimated.  The  fermentatioti,  with  gas  production,  of 
certain  substances  8u«;h  as  carbohydrates,  may  be  determined  by  addinf; 
these  materials  in  a  pure  state  to  the  media  before  inoculation  with 
organisms. 

In  the  case  of  carbohydrates  this  method  has  proved  of  great  differ- 
ential value,  since  the  power  of  splitting  specific  carlwhyd rates  with  gas 
production  is  a  species  characteristic  of  great  constancy  for  many  forms 
of  bacteria. 

.Vnalysis  of  Gas  Formbd  by  Bacteria. — Carbon  Dioxide. — For 
the  estimation  l)oth  qualitatively  and  roughly  quantitatively  of  carbon 
dioxide  produced  by  bacteria,  (cultures  are  grown  in  fermentation  tubes 
containing  sugar-free  broth  (see  page  125)  to  which  one  per  c(mt  of  pure 
dextro,se,  lactose,  saccharose,  or  other  Mugars  has  been  added.  The  tubes 
are  incubated  until  the  column  of  gas  formed  in  the  closed  arm  no  longer 
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increasee  i,i,weniy-iour  to  forty-eight  houra).  The  level  of  the  fluid 
Id  the  closed  ann  is  then  accurately  marked  and  the  column  of  gas 
measured. 

'ihe  bulb  of  the  fermentation  tube  \b  then  completely  filled  with 
[  NaOH  solution,  the  mouth  closed  with  a  clean  rubber  stopper,  and 
the  bulb  inverted  several  times  in  onlcr  to  mix  the  gas  with  the  soda 
solution.  The  tube  is  then  aguin  placed  in  the  upright  position,  allow- 
ing the  gas  remaining  to  collect  in  the  closed  arm.  The  gas  lost  may 
be  roughly  estimated  as  consisting  of  CO,. 

Hydrogen. — The  gas  remaining,  after  removal  of  the  ('C)j  in  the  pn> 
ceding  experiment,  at  least  when  working  with  carbohydrate  solutions, 


Fia.  47.--TYPBH 


Fermentation  Tubes. 


may  be  estimated  as  hyilrogon.  When  allowed  to  collect  near  the  mouth, 
further  evidence  of  its  being  hydrogen  may  bo  gained  by  exploding  it 
with  a  lighted  match. 

Hydrogen  Sulphide  (HiS,  Sulphuretted  hydrogen).— In  alkaline 
media  sulphuretted  hydrogen,  if  formed,  will  not  collect  as  gas,  but 
wil]  form  a  sulphide  with  any  alkali  in  the  solution.  For  the  estimation 
oftbeformationof  hydrogen  sulphide,  bacteria  are  cultivated  in  a  strong 
pcpton  solution  to  which  0.1  c.c.  of  a  one  per  cent  solution  of  ferric 
tartrate  or  lead  acetate  has  Iteen  added.  The  addition  of  these  substances 
pves  rise  to  a  yellowish  precipitate  in  the  bottom  of  the  tubes.    If,  on 
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Eubacqupnt 'inoculation,  the  bacteria  produce  H;S,  this  precipitate  will 
turn  black.  The  solution  recommended  by  Pake  for  this  test  is  prepared 
as  follows: 

1 .  Wciph  out  30  KTSinis  of  pcplon  and  ciniilsify  in  200  c.c.  at  lap  ft-ater  at  60°  C. 

2.  Wnnh  into  a  IJI«r  fInEk  with  80  r.c.  tnp  wiit«r. 

a.  Add  soditiiti  chluriilp  5  Kmins  nnd  xoiliiirii  pliuaphatc  It  gcuiis. 

4.  Ilcutat  10U°('.  fur :»  uiinut«s,  tu  dUsiilvo  iK'ptuu. 

5.  Filt^^r  lhn>ii)cl>  |>u|)pr. 

tl.  Fill  inti)  tiitiCH.  10  c.c  mcli,  ami  ti>  t^uch  tulx-iulil  (l.t  c.c.  of  a  imc  per  c^it 
soliitiiiti  (if  fprric  lartralc  or  lead  accUile.    Tlirso  soliitiiins  Hhoiild  be  tieutTal. 

7.  StcriJi/c.i 

Act;un\TE  QtiANTiTATiVK  GAS  ANALYSES  of  bactcrial  cultufcs  Can  be 
nia<lc  only  by  the  more  complicate*!  methwis  used  in  chemical  labora- 
tories for  ((uantitativc  gas  analysis.  The  gas,  in  such  cases,  is  collected 
in  a  bell  jar  mounted  over  mercury,  and  subjected  to  analysb  by  the 
usual  method  descrilwd  in  works  on  analytical  chemistry. 

Acid  and  Alk&li  Fonnatimi  by  Boctuia. — Many  bacteria  produce  acid 
or  alkaline  reactions  in  culture  mciUa,  their  activity  in  this  respect 
de|x>udinK  to  a  lai^  extent  upon  tho  nature  of  the  nutrient  material. 
Many  orf;anisni.'s  which  on  carlxjhydrato  media  pro<luce  acid  will  givx; 
rise  to  alkali  if  cultivated  ujwn  mc<lia  containing  only  proteids. 

Tnfonnation  as  to  the  production  of  acid  or  alkali  can  be  oblaincd 
by  tht(  addition  of  one  of  a  variety  of  indicators  to  neutral  media.  The 
indicators  most  often  employed  for  this  purpo.'w  are  litmus  or  neutral 
red.  Changes  in  the  color  of  these  indicators  show  whether  acids  or 
alkalis  have  been  pnKluce<l. 

Circat  help  in  differentiation  is  obtained  by  adding  chemically  pure 
carlmhyd rates  to  media  to  which  litmus  has  been  added  and  then  de- 
tei-minins  whether  or  not  acid  is  fonned  from  the  substances  by  the 
mierooi'ganisins.  These  tc.-its  have  been  of  s[)eeial  importance  in  the 
diffentntiatioii  of  the  tj'phoid-colon  gruniw  of  bacilli. 

Quantitative  estimation  of  the  degnx!  of  acidity  or  alkalinity  pro- 
duced by  bacteria  may  be  made  by  careful  titration  of  definite  volumes 
of  the  medium  bcfoit!  and  after  bacterial  growth  has  taken  place. 

The  variety  of  acid  formed  by  bacteria  depends  largely  upon  the 
nature  of  the  nutricmt  medium.  The  acids  most  commonly  resulting 
from  bacterial  gi-owth  are  lactic,  acetic,  oxalic,  formic,  and  hippuric 
acids.  Qualitative  and  (juantitative  estimation  of  tliese  acids  may  be 
made  by  any  of  the  mi^tliods  employed  by  analytical  chemists. 


'  Quoted  from  f.'jre,  "  Bact.  Tucliiiiqiic "  Phils.,  1903. 
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Indol  Prodoetum  b7  Bftcteii*. — Many  bacteria  possess  the  power  of 
producing  indol.  Though  formerly  regarded  as  a  regular  accompani- 
ment of  protcid  decomposition,  later  researches  have  shown  that  indol 
production  is  not  always  coexistent  with  putrefaction  processes  and 
oecum  only  when  pepton  is  present  in  the  pabulum. 

Indol  formation  by  bacteria  is  determined  by  the  so-calkid  nitroso- 
indol  rea<-tion.  Organisms  are  grown  in  sugar-free  jxtpton  broth  or  in  the 
pepton-salt  bouillon  of  Dunham.  (See  page  126.)  Media  containing 
feniicntabie  substances  are  not  favorable  for  indol  production  since  aiiids 
interfere  with  its  formation.  The  cultures  arc  usually  incubated  for  three 
or  four  days  at  37°  C.  At  the  end  of  this  time,  ten  drops  of  con- 
centrated sulphuric  acid  are  run  into  each  tube.  If  a  pink  color 
appears,  indol  is  present,  and  we  gather  the  additional  information 
that  the  microorganism  in  question  has  been  able  to  form  nitrites 
by  reduction  (e.g.,  cholera  spirillum).  If  the  pink  color  docs  not 
appear  after  the  addition  of  the  sulphuric  acid  alone,  nitrites  must 
be  supplied.  This  is  done  by  adding  to  the  fluid  about  1  c,c.  of  a  0.01 
per  cent  aqueous  solution  of  sodium  nitrite.  The  sodium  nitrite  solu- 
tion docs  not  keep  for  any  length  of  time  and  should  be  freshly  made  up 
at  short  intervals. 

Phenol  Piodaction  by  Baeterit. — Phenol  is  often  a  by-product  in  the 
course  of  proteid  cleavage  by  bacteria.  To  determine  its  presence  in 
cultures,  bacteria  are  cultivated  in  flasks  containing  about  ijO-100  c.c. 
of  nutrient  broth,  .\fter  three  to  four  days'  growth  at  37°  C,  5  c.c.  of 
concentrated  HCl  are  added  to  the  culture,  the  flask  is  connected  with  a 
condenser,  and  about  10-20  c.c.  are  distilled  over. 

To  the  distitlato  may  be  a<ldcd  O.o  c.c.  of  Millon's  reagcMt  (solution  of 
mercuroua  nitrate  in  nitric  acid) ,  when  a  red  color  will  indicate  phenol ; 
or  O.ij  c.c.  of  a  ferric  chloride  solution,  which  will  give  a  violet  color  if 
phenol  is  present. 

Bsduebic  Ptnran  of  B»et«ii». — The  power  of  reduction,  possessed  by 
many  bacteria,  is  shown  by  their  ability  to  form  nitrites  from  nitrates. 
This  is  easily  dt^monstratcd  by  Rowing  bacteria  upon  nitrate  broth 
(sec  page  126).  Bacteria  are  transferred  to  tetit  tubes  containing  this 
solution  and  allowed  to  grow  in  the  incubator  for  four  or  five  days. 
The  presence  of  nitrites  is  then  chemically  determined.' 

'  We  are  indebted  to  Dr.  J.  P.  Mitchell,  of  Stanford  Univereity,  for  the  toUowinn 
technique  for  nitrite  testa; 

I.  Sulpbauilic  Acid.— Dissolve  0.5  g.  in  150  c.c.  of  acetic  acid  of  Sp.  Gr,  1.01. 
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In  bacteriological  work  4  c.c.  of  the  culture  fiuid  is  poured  into  a 
clean  test  tube,  and  to  it  are  gradually  added  2  c.c.  of  the  mixed  t«st 
solutions.  A  pink  color  indicates  the  presence  of  nitrites,  the  inteoaty 
of  the  color  being  proportionate  to  the  amount  of  nitrite  present. 

The  reducing  powera  of  bact«ria  may  also  be  shown  by  their  ability 
to  decolorize  litmus,  mcthylenc-blue,  and  some  other  auilin  dyes, 
which  on  abstraction  uf  oxygen  form  coloriesM  leukobaseH. 

KniTme  Action. — The  action  of  the  enzymes  produced  by  bacteria 
may  be  demonstrated  by  bringing  the  bacteria,  or  their  isolated  fer- 
nientii,  into  contitct  with  the  proper  substances  and  observing  both  the 
physical  and  chemical  changes  prottucod.  In  obtaining  enzymes  free 
from  living  bacteria,  it  is  convenient  to  kill  the  cultures  by  the  addition 
either  of  toluol  or  of  chloroform.  Both  of  these  substances  will 
destroy  the  bacteria  without  injuring  the  enzymes.  Enzymes  may  also 
be  obtained  separate  from  the  bodies  of  the  bacteria  by  filtration. 

Pbotbolytic  Enzymeh. — The  most  common  evidences  of  proteolytic 
enzyme  action  observed  in  bacteriology  arc  the  liquefaction  of  gelatin, 
fibrin  or  coagulated  blood-serum,  and  the  pcptonizntion  of  milk.  This 
may  be  observed  both  by  allowing  the  proper  bacteria  to  grow  upon 
these  media,  or  by  mixing  sterilized  cultures  with  small  quantities  of 
those  substances.'  The  products  of  such  a  reaction  maybe  separated 
from  the  bacteria  by  filtration  and  then  tested  for  pcpton  by  the  biuret 
reaction. 

Proteolytic  *  enzymes  may  also  be  determiaed  by  growing  the  bac- 
teria upon  fluid  media  containing  albumin  solutions,  blood  serum,  or 
milk  serum,  then  precipitatmg  the  proteids  by  the  addition  of  ammonium 
sulphate  (abeut  30  grams  to  20  o.c.  of  the  culture  fluid)  and  warming 
between  50  to  60°  C.  for  thirty  minutes.  The  precipitate  is  then  filtered 
off,  the  filtrate  ma<lc  strongly  alkaline  with  NaOH,  and  a  few  drops 
of  copper  sulphate  sohition  a<lded.  A  violet  color  indicates  the  pres- 
ence of  pcpton — proving  proteolysis  of  the  original  albumin. 

{Acetic  acid  of  1.04  prepared  by  diluting  400  c.c.  of  codc.  of  Sp.  Gr.  1.76  with  700 
cc.  of  water.)  • 

H.  A-N^hthylamin. — DiwolveO.lg.  iB20r.c.of  water,  boil, filterCifneoeoMty), 
Mid  ts  clear  filtrate  add  180  c.c.  of  acetic  acid,  8p.  Or.  1.04. 

The  solutions  are  kept  separate  and  mixed  in  equal  parts  just  befora  use. 

in  carryingout  the  test,  put2c.c.  of  each  ret^nt  in  a  test  tube  and  add  aubetaace 
to  be  leet«d,  (In  ordinary  water  analysis  use  100  c.c.)  Cover  ti^  with  watch 
glass  and  set  in  warm  water  for  20  minutes.  Observe  presence  or  absence  of  pink 
color  promptly.  Always  run  a  blank  on  the  distilled  water  used  for  rinsiiig  to  avoid 
tnon  due  to  nitrites  in  the  water,  or  in  the  sir  of  the  laborakvy. 
■  BUUt,  Aichiv  f .  Hyft.,  v.  1886. 
'  Haukin  and  WeArook,  Ann.  Past.  vi..  1892.  ^^  ■ 
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DiASTATic  Enzymes. — The  presence  of  diastatic  fennents  may  be 
determined  by  mixing  broth  cultures  of  the  bacteria  with  thin  Btarch 
paste.  It  18  necessarj-  that  both  the  cultures  and  the  starch  paste  be 
absolutely  free  from  sugar.  After  remaining  in  the  incubator  for  five  or 
six:  hours,  the  fluid  is  filtered  and  the  filtrate  tested  by  methods  used  for 
determining  the  presence  of  sugars. 

■  ;  Invertinq  Ferments. — Inverting  ferments  are  determined  by  a  pro- 
cedure similar  to  the  above  in  principle.-  Dilute  solutions  of  fane  sugar 
ar^  mixed  with  old  cultures  or 
culture  filtrates  of  the  respective 
bacteria  and  the  mixbire  allowed 
to -stand,  it  is  then  filtered, 
an<l  the  filtrate  tested  for  glucose, 
preferably  by  Fehliiij^'s  solution. 


T 
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AKIMAL    EXPERIMENTATION 

■  In  the  study  of  pathogenic 
microorganisms,  animal  experi- 
mentation is  essential  in  many 
instances.  The  virulence  of  any 
given  organism  for  a  definite  ani- 
mal species  and  the  nature  of  the 
lesions  produced  are  character- 
istics often  of  great  value  in 
differentiation.  Isolation,  more- 
over, of  many  bacteria  is  greatly 
facilitated  by  the  inoculation  of 
susceptible  animals  and  recovery 
of  the  pathogenic  organism  from 
the  heart's  blood  or  from  the  lesions  produced  in  various  organs.  That 
investigations  into  the  phenomena  of  immunity  would  be  absolutely 
impossible  without  the  use  of  animal  inoculation  is,  of  course,  self- 
■  evident,  for  by  this  method  only  can  the  action  of  bacteria  in  relation  to 
living  tissues,  cells,  and  body-fluids  be  observed . 

The  animals  most  commonly  employed  for  such  observations  are 
)ruinea-pigs,  white  miee,  white  rats,  and  rabbits.  The  method  of 
inoculation  may  be  either  subcutaneous,  intrapleural,  intraperi- 
toneal, intravenous,  or  subdural,  etc.  ^t  must  be  borne  in  minti 
always  that  the  mode  of  inoculation  may  infiuence  the  course  of  an 
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inrection  no  less  than  does  the  virulence  of  the  microorganism  or  the 
size  of  the  dose. 

Inoculations  are  made  with  some  form  of  hypodermic  needle  fitted  to 


— iNTBAPBRrrONRAL   iNOCirLATIOK    ( 


FiQ,  so.— Intravenous  Inocul-ation  of  Rabbit. 


a  syringe.  The  most  convenient  syrinifes  are  the  all-glass  Luer  or  the 
I)elx»ve  syringca,  which,  however,  are  expensive.  Any  form  of  steriliz- 
able  syringe  may  be  used.     In  making  inoculations  the   hair  of  the 
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animal  should  be  clipped  and  the  skin  disinfected  with  carbolic  acid 
or  alcohol. 

Subcutaneous  inoculations  are  most  conveniently  made  in  the  abdom- 


Fw.  5i: — Intbapeiutonbal  Ihocdlation  of  GcwEA-r 


Fia.  52.— GuiNEA- 


inal  wall,  where  the  skin  is  thin.     After  clipping  and  sterilizing,  the 
bIud  ia  raised  between  the  fingers  of  the  left  hand  and  the  needle  plunged 


,;  Gooj^lc 


172  BIOLOGY  AND  TECHNIQUE 

in  obliquely  so  as  to  avoid  penetrating  the  abdominal  wall  and  entering 
£he  peritoneum. 

In  making  intraperitoneal  inoculations,  great  care  must  be  exerciacd 
not  to  puncture  the  gut.  This  can  be  avoided  by  passing  the  needle 
first  thiough  the  pkin  in  an  oblique  direction,  then  turning  it  mto  a  posi- 
tion more  vertical  to  the  abdomen  and  perforating  the  musdea  and  perito- 
neum by  a  very  short  and  carefully  executed  stab. 

Intravenous  inoculations  in  rabbits  are  made  into  the  veins  running 
along  the  outer  margins  of  the  ears.  The  hair  over  the  ear  ia  clipped  and 
the  animal  held  for  a  short  time  head  downward  so  that  the  veaseb 
of  the  head  may  fiU  with  blood.    An  assistant  holds  the  animal  firmly  in 


Fio.  S3.^Rabbit  Caqe. 

a  horizontal  position,  the  operator  grasps  the  tip  of  the  cam  with  the 
left  hand,  and  carefully  passes  his  needle  into  the  vein  in  the  direction 
as  nearly  as  possible  parallel  to  its  course.     (See  Fig.  50.) 

Mice  are  usually  inoculated  under  the  skin  near  the  base  of  the  tail. 
They  may  be  placed  in  a  jar  over  which  a  cover  of  stiff  wirc-gauieb 
li<!ld.  They  are  then  grasped  by  the  tail,  by  which  they  arc  drawn  up 
between  the  side  of  the  jar  and  the  edge  of  the  wire  cover,  so  that  the 
lower  end  of  the  back  shall  be  easily  accessible.  The  skin  is  then  wiped 
with  a  piece  of  cotton  dipped  in  carbolic  solution  and  the  needle  b  in- 
serted. Great  care  must  be  exercised  to  avoid  passing  the  needle  too 
close  to  the  vertebral  column.  Mice  are  extremely  delicate,  and  any 
injury  to  the  spine  usually  causes  immediate  death. 
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With  proper  care  mice  or  ratB  may  be  easily  injected  intravenously 
if  a  sufficiently  fine  needle  is  used.  There  are  four  superficially  placed 
veins  running  along  the  tail,  which  stand  out  prominently  when  rubbed 
with  cotton  moistened  with  xylol.    Into  these  the  injectiooB  are  made. 

When  inoculating  rats  or  guinea-pigs  with  bacillus  pestis  the  Kolle 
vaccination  method  is  used.  The  skin  is  merely  shaved  and  a  loopful 
<tf  the  culture  vigorously  rubbed  into  the  shaven  area. 

The  various  forme  of  animal  holders  which  have  been  devised  are 
rarely  necessary  in  bacteriological  work  unl&ss  working  unas,iistcd,  im- 
mobilization of  the  animals  being  easily  accomplished  by  the  hands  of  a 
skilled  assistant. 

Autopsies  upon  infected  animals  must  be  carefully  made.  The  ani- 
mals arc  tied, back  down,  upon  pans  fitted  in  the  eornera  with  clairipsfor 
the  strings.  They  are  then  moisteneil  cither  with  hot  water  or  with  a 
weak  solution  of  carbolic  acid,  so  that  contamination  by  hair  may  be 
avoided.  A  median  cut  is  made,  the  skin  is  cai'efully  dissected  back; 
and  the  Ixxly  cavities  ai*e  opened  with  sterile  instrumenUs.  Cultures 
may  then  be  taken  from  exudates,  blood,  or  organs  under  precautions 
similar  to  those  recommended  below  for  similar  procedures  at  autopsy 
upon  man. 

Inoculated  animals  should  be,  if  possible,  kept  separate  from  healthy 
animak.  Rabbits  and  guinea-pigs  are  best  kept  in  galvanized  iron-wire 
rages,  which  are  fitted  with  floor-pans  that  can  be  taken  out  and  cleaned 
and  sterilized.  Mice  may  be  kept  in  battery  jars  fitted  with  perforated 
metal  covers.  The  mice  should  be  supplied  with  large  piwes  of  cotton 
upon  batting  since  they  are  delicately  susceptible  to  cold. 
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THE  BACTERIOLOGICAL  EXAMINATION  OF  MATERIAL  FROM 
PATIENTS 

Ik  making  bacteriological  examinations  of  material  taken  from 
living  patients,  or  at  autopsy,  the  validity  of  result  is  as  fully  dependent 
upon  the  technique  by  which  the  material  is  collected,  as  upon  proper 
manipulation  in  the  later  stages  of  examination. 

Material  taken  at  autopsy  should  be,  if  possible,  directly  transferred 
from  the  cadaver  to  the  proper  culture  media.  If  cultures  are  to  be  taken 
from  the  liver,  spleen,  or  other  organs,  the  surface  of  the  organ  should 
first  be  seared  with  a  hot  scalpel  and  an  incision  made  through  the  cap- 
sule of  the  organ  in  the  seared  area,  with  the  same  instrument.  The 
platinum  needle  can  then  be  plunged  through  this  incision  and  material 
for  cultivation  be  taken  with  little  chance  of  surface  contamination. 
When  blood  is  to  be  transferred  from  the  heart,  the  heart  muscle  may  be 
incised  with  a  hot  knife,  or  else  the  needle  of  a  hypodermic  syringe  may 
be  plunged  through  the  previously  scared  heart  muscle  and  the  blood 
aspirated.  The  same  end  can  be  accomplished  by  means  of  a  pointed, 
freshly  prepared  Pasteur  pipette.  In  taking  specimens  of  blood  at  au- 
top.^  it  is  safer  to  take  them  from  the  arm  or  leg,  by  allowing  the  blood 
to  flow  into  abroml,deepcut  made  through  the  steriliiied  skin,  than  from 
the  heart,  since  it  has  been  found  that  post-mortem  contamination  of 
the  heart's  blood  takes  place  rapidly,  probably  through  the  large  veins 
fi-om  the  lungs.  Rxudates  from  the  pleural  cavities,  the  pericardium, 
or  the  peritoneum  may  be  taken  with  a  sterilized  syiinge  or  pipette, 

Materiab  collected  at  the  bedside  or  in  the  operating-room  should 
be  transferred  ilirectly  to  the  proper  media  or  else  into  sterile  test  tubes 
and  so  sent  to  the  laboratory.  When  the  material  is  scanty,  it  may  be 
collected  upon  a  sterile  cotton  swab,  which  should  be  immediately  re- 
placed in  the  sterilized  containing  tube  and  sent  to  the  laboratory. 

Syringes,  when  used  for  the  collection  of  exudates  or  blood,  should 
be  of  some  variety  which  is  easily  sterilizable  by  dry  heat,  or  boiling. 
Most  convenient  of  the  forms  in  common  use  are  the  all-glass  "Luer" 
syringe,  or  the  cheaper  "Sub-Q"  model.  Instruments  which  can  be 
sttorilized  only  by  chemical  disinfectants  should  not  be  used.     When 
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fluids  are  collected  for  bacteriolc^ical  examination,  such  as  spinal  fluid, 
paracentesis  fluid,  or  pleural  exudate,  it  is  convenient  to  have  ^em  taken 
directly  into  sterilized  centrifuge  tubes,  since  it  is  often  necessary  to 
COTicentrate  cellular  elements  by  centrifugalization.  By  immediate  col- 
lectbn  in  these  tubes,  ihe  danger  of  contamination  is  avoided. 

Examination  of  Xmdatei. — f  us. — Pus  should  first  be  examined 
morphologically  by  some  simple  stain,  such  as  gentian-violet,  and  by 
the  Gram  stain.  It  is  convenient,  also,  to  stfun  a  specimen  by  Jenner's 
stain,  in  order  to  show  clearly  the  relation  of  bacteria-  to  the  cells. 
Such  morpholc^cal  examination  not  only  furnishes  a  guide  to  future 
manipulation,  but  supplies  a  control  for  the  results  obtained  by  cultural 
methods.  Specimens  of  the  pus  are  then  transferred  to  the  proper 
media,  and  pour-plates  made  or  streaks  made  upon  the  surface  of 
previously  prepared  agar  or  scnun-agar  plates. 

A  guide  to  the  choice  of  media  is  often  found  in  the  result  of  the 
morphological  examination.  In  most  coses,  it  is  well,  also  to  make 
anaerobic  cultures  by  some  simpler  method.    (See  page  148  et  aeq.) 

Thecolonies  which  develop  upon  the  platessbould  be  studied  under  the 
microscope,  and  specimens  from  the  colonies  transferred  to  cover-classes 
aAd  slides  for  morphological  examination  and  to  the  various  media  for 
further  growth  and  identification.  Animal  inoculation  and  agglutination 
teats  must  often  also  he  resorted  to.  A  knowledge  of  the  source  of  the 
material  may  furnish  eonsiderable  aid  in  making  a  bacteriolo^cal  diag- 
no^,  though  great  caution  in  depending  upon  such  aid  is  reconuuended. 
In  the  examination  of  peritoneal,  peruxirdial,  or  pleural  exudates  it  is 
often  advantageous  to  use  the  sediment  obtained  by  centrifugalization. 
A  differential  count  of  the  cells  present  may  be  of  aid  in  confirming  the 
bacteriological  findings.  Morpholc^cat  examination  and  cultural  exam- 
ination are  made  as  in  the  case  of  pus.  Specimens  should  also  in  these 
oases  be  stained  for  tubercle  bacilli.  Whenever  morpholc^cal  exami- 
naticHis  of  such  fluids  are  negative,  no  bacteria  being  found,  and  especially 
when  among  the  cellular  elements  the  lymphocytes  preponderate,  the 
search  for  tubercle  bacilU  should  be-continued  by  means  of  animal  inocu- 
lation. Guinea-pigs  should  be  inoculated  intraperitoneally  from  speci- 
mens of  the  fluid.  The  animals  will  usually  die  within  sbc  to  eight  weeks, 
but  can  be  killed  and  examined  at  the  end  of  about  six  weeks  if  they 
remain  alive.  The  chances  for  a  positive  result  are  considerably 
increased  if  the  fluid  is  set  away  in  the  ice-chest  until  a  clot  has  formed 
and  the  animals  are  inoculated  with  the  material  from  the  broken-up 
clot 
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The  routine  examination  of  spinal  fluid  is  beat  made  upon  Uie  sedi- 
ment of  centrifugalized  specimens.  The  microorganisms  with  which  we 
deal  most  frequently  in  this  fluid  are  the  meningococcus,  the  pneumoooc- 
cus,  the  streptococcus,  and  the  tubercle  bacillus.  If  morphological  ex- 
amination reveals  bacteria  resembUng  the  firet  three  of  these  in  appear- 
ance and  staining-reaction,  surface  smears  should  preferably  be  made 
upon  platea  of  serum  agar,  blood  agar,  or  upon  tubes  of  Loeffler's  co- 
agulated blood-serum.  Failure  to  find  organisms  morphol(^cally  does 
not  exclude  their  presence  and  careful  cultivation  should  be  done  in  all 
cases.  When  organisms  are  not  found  by  simple  morphological  ex^mina- 
tion  and  the  fluid  and  sediment  are  scanty,  specimens  should  be  stained 
by  the  Ziehl-Neelson  method  for  tubercle  bacilli.  In  such  cases  it  is 
often  of  advantage  to  set  away  the  specimen  until  a  thin  thread-like 
clot  of  fibrin  has  formed  in  the  bottom  of  the  tube.  In  smears  of  such 
a  dot,  tubercle  bacilli  are  found  with  far  greater  ease  than  they  are  found 
in  centrifugaliz^  specimens.  If  these  examinations  are  without  result, 
inoculation  of  guinea-pigs  should  he  resorted  to. 

Examination  of  Urliw. — Bacteriological  examination  of  the  urine  is 
of  value  only  when  specimens  have  been  taken  with  sterile  catheters, 
and  care  has  been  exercised  in  the.  disinfection  of  the  external  genitals. 
Many  of  the  numerous  finds  of  bacillus  coli  in  urine  are  unquestionably 
due  to  defective  methods  of  collecting  material.  Urine  ^ould  be  cen- 
trifugalized  and  the  sediment  examined  morphologically  and  pour- 
platra  male  and  surface  smears  made  upon  the  proper  media.  If 
necpASfiry,  animal  inocuhition  may  be  done.  In  examining  urine  for 
tul>ei'i-li>  bacilli,  special  care  should  be  taken  in  staining  methods  so 
as  to  differentiate  from  Batnllus  smegmatis. 

Examination  ol  FecM. — Human  feces  contain  an  enormous  num- 
ber  of  bacteria  of  many  varieties.  Klein,"  by  special  methods,  es- 
timated that  there  were  about  TJiiOOOjOOO  bacteria  in  one  milligram 
of  feces.  It  htt«  Ix-en  a  noti<'eub)e  result  of  all  the  investigations  upon 
the  feces,  that  although  enormous  numbers  can  be  counted  in  morpho- 
logical 8p<!cimen3,  only  a  disproportionately  smaller  number  can  be 
cultivated  from  the  same  specimen.  This  is  explicable  upon  the  ground 
that  special  culture  media  are  necessary  for  many  of  the  species  found 
in  intestinal  contents  and  upon  the  consideration  that  many  of  th« 
bacteria  which  are  present  in  the  morphological  specimen  are  dead  show- 
ing that  there  are  bactericidal  processes  going  on  in  some  parts  <A  the 

■  Klein,  Ref.  Cent.  f.  fiakt.,  I,  zxx,  1901. 
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intestinal  tract,  possibly  through  the  agency  of  intestinal  secretions, 
bile,  and  the  action  of  the  products  of  metabolism  of  the  hardier  species 
present.  By  far  the  greater  part  of  the  intestinal  flora  consbt«  of  mem- 
beia  of  the  colon  group,  bacilli  of  the  I.tctis  aerogenes  group,  Bacillus 
ffficalis  alkaligencs.  Bacillus  mesentcrit-us,  and  relatively  smaller  num- 
bers of  streptococci,  staphylococci,  and  Gram-positive  anaerobes.  Many 
other  species,  however,  may  be  present  without  being  neceasarily  con- 
eidered  of  patholo^cal  ognificance.  Certain  writers  have  recently  laid 
much  stress  upon  a  preponderance  of  Gram-positive  bacteria  in  speci- 
mens of  feces,  claiming  that  such  preponderance  signifies  some  form 
of  intestinal  disturbance.  Hertcr '  has  recently  advanced  the  opinion 
that  the  presence  of  Bacillus  aerogenes  capsuiatUH  in  the  intestinal  canal 
is  definitely  associated  with  pernicious  anemia.  The  determination  of 
these  bacilli  in  the  stools  is  made  both  by  morphological  examination 
by  means  of  Gram  stain  and  by  isolation  of  the  bac^tcna.  Such  isola- 
tioQ  is  easily  done  by  the  method  of  Welch  and  Nuttal.*  A  suspension 
oi  small  quantities  of  the  feces  in  salt  solution  is  ma^ic  and  1  c.c.  of  the 
filtered  suspenraon  is  injected  into  the  ear  vein  of  a  rabbit.  After  a  few 
minutes  the  rabbit  is  killed  and  placed  in  the  incubator.  After  five  hours 
of  incubation,  the  rabbit  is  dissected,  and  if  the  Welch  bacillus  has 
been  present  in  the  feces,  small  bubbles  of  gas  will  have  appeared  in 
the  liver  from  which  the  bacilli  may  be  cultivated  in  anaerobic  stab- 
cultures. 

Bacteriological  examination  of  feces  is  most  often  undertaken  for 
the  isolation  of  Bacillus  typhosus.  This  is  accomplished  with  a  great 
deal  of  difficulty  because  of  the  overwhelming  numbers  of  colon  bacilli 
which  easily  outgrow  the  typhoid  germs,  and  because  of  the  similarity 
of  their  colonies  in  most  media.  Many  methods  have  been  devised  for 
this  purpose,  all  of  which  depend  upon  the  use  of  special  media  aimed 
at  the  inhibition  of  colon  and  other  bacilli  and  the  production  of  recog- 
nizable differences  in  the  colonies  of  typhoid  and  colon  bacilli.  Such 
media  are  those  of  Eisner,  Hiss,  Conradi-Drigalski,  Loefflcr,  Hesse,  and 
others,  which  are  described  in  the  section  upon  specia^  media.  (See  page 
133.)  The  methods  of  using  these  media  will  l>e  found  described  in  the 
chapter  on  Bacillus  typhosus  (p.  399.) 

Cholera  spirilla  may  be  recognized  in  and  isolated  from  the  stools  of 
pati^its  by  morphologic^  examination,  and  by  cultivation.  (See 
section  on  Sp.  cholera.) 

■  Herter,  "  Cchiiiiioii  BMterial  Infecttons  of  the  Digestive  Tntct,"  N.  Y.,  1907. 
>  Wtkh  nh)  Nvtfat-    Sw  ref.  p.  409. 
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For  the  isolation  of  dysentery  bacilli  from  feces,  no  satisfactory 
8i>ccial  methods  have  as  yet  been  devised.  Hero  we  can  depend  only  up- 
on careful  plating  upon  agar  and  gelatin  and  extended  colony  "fishing," 
and  the  study  of  pure  cultures.  The  complete  absence  of  motility  of 
these  bacteria  is  of  much  aid  in  such  identtficatioa. 

The  determination  of  tul>crcle  bacilli  in  stools  is  difficult  and  of 
questionable  significance,  in  that  they  may  be  present  in  people  sufTor- 
ing  from  pulmonary  tuberculosis  as  a  conse(iuenee  of  swallowing  sputum 
or  infected  food,  and  in  that  there  may  be  other  acid-fast  bacilli,  such 
as  the  timothy  bacillus,  present. 

Blood  Onltons. — The  diagnosis  of  septicemia  can  !»  positively  made 
during  life  only  by  the  isolation  of  I  actena  f n  m  the  blood .  Such  cxani- 
inationnarc  of  much  value  and     n  llj     iceettsful  if  the  technique 

is  properly  carried  out.  A  liirj,  n  lier  of  ethmls  are  recommended, 
the  writers  giving,  however,  onlv  th  on  which  they  have  found 
successful  and  simple  for  general    ^t 

The  blood  is  taken  by  prefert,nce  from  tht  Tiiedian  basilic  vein  of  the 
arm.  If,  for  some  reason  {l)oth  forearms  having  liecn  used  for  saline 
infusion),  these  veins  an-  unavailable,  blood  may  be  taken  from  the 
internal  saphenous  vein  as  it  turns  over  the  internal  malleolus  of  the 
ankle  joint.  The  skin  over  the  vein  should  he  prepared  before  the 
Biiecimen  is  taken  by  painting  with  iodine,  as  for  ;i  surgical  operation. 
The  syringe  which  is  used  should  be  of  some  sterilizabic  variety  (the 
most  convenient  the  Lner  model),  which  is  easily  manipulated  and 
does  not  draw  with  a  jerky,  irregular  motion.  Its  capacity  should  be 
at  least  10  c.c.  It  may  be  steriliKcd  by  boiling  for  half  an  hour,  or 
preferably,  when  all-gbis-s  syrinjies  arc  used,  Ibcy  may  be  inserted  into 
potato-tubes  and  steriliKcd  at  high  temperature  in  the  hot-air  cbanibcr. 
Before  drawing  the  blood,  a  linen  bandiige  is  wound  tightly  about 
the  upper  arm  of  the  patient  in  order  to  cause  the  veins  to  stand 
out  prominently.  When  the  veins  are  plainly  in  view,  the  needle  is 
plunged  through  the  skin  into  the  vein  in  a  din^-tion  parallel  to  the 
vessel  and  in  the  direction  of  the  blood-stream.  After  perforation  of 
Ihe  skin,  while  the  needle  is  groping  for  the  vein,  gentle  suction  may 
be  exerted  with  the  piston,  (ircat  care  should  be  exerciaed,  however, 
that  the  piston  is  not  allowctl  to  slip  back,  and  air  be,  by  accident, 
forced  into  the  vessel.  In  most  cases  no  suction  is  neceasary.  the  pres- 
sure of  the  blood  being  sufficient  to  push  up  the  piston.  After  the  blood 
has  be^n  drawn,  it  should  be  immediately  transferred  to  the  proper 
media.    Epstein  has  recently  recommended  the  mixture  of  the  Wood 
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with  stfrilc  two  ixT  cent  ammonium  oxalate  solution  in  test  tubes,  by 
which  moans  the  clottinf;  is  prevented,  and  transfers  can  be  made  more 
leisurely  to  cultui*'  mi-diii.  While  this  metho<l  is  convenient  in  eases 
where  blood  must  be  taken  at  some  distance  from  the  laboratory,  it  is 


Fill.  54. — l(L<)oD-Cui;rUBB  Plate  Showtno  Streptococcits  Colonies.      Not* 
halo  of  hciiuilysifl  .about  <Mich  oilony. 

preferable,  whenever  possible,  to  make  cultures  from  the  blood  im- 
mediately at  the  bedside. 

The  choice  of  culture  media  for  blood  cultures  should,  to  a  certain 
extent,  be  a(lapt«d  to  each  individual  case.  For  routine  work,  it  is  best 
to  employ  glucoae-meat-infusion  agar  and  glucosc-meat-infusion  broth. 
At  least  six  glucose-agar  tul)c.s  should  be  meltc<l  and  immersed  in  water 
at  45°  C.    Before  the  blood  is  mixed  with  the  medium,  the  agar  should  be 
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cooled  to  41°  in  order  thai  bacteria,  if  present,  may  not  be  Injured  1^ 
the  heat.  The  blood  b  added  to  the  tubes  in  varying  quantities,  ranging 
from  0.25  to  1  c.p.  each,  in  order  that  different  degrees  of  concentration 
may  be  obtained.  Mixing  is  accomplished  by  the  usual  dipping  and 
rotiiry  motion,  the  formation  of  air-bubblea  being  thus  avoide<l.  The 
mouth  of  each  test  tube  should  be  passed  through  the  flame  before  pour* 
ing  the  contents  into  the  plates.  Three  flasks  of  ^ucose  broth,  contain- 
ing 100  to  150  c.c.  of  fluid  each,  should  be  inoculated  with  vaiying 
quantities  of  blood — at  least  one  of  the  flasks  contaming  the  blood  in 
high  dilution.  The  most  stringent  care  in  the  withdrawal  and  replace- 
ment of  the  cotton  stoppers  should  be  exercised.'  The  writers  have 
found  it  convenient  to  use,  in  place  of  one  of  these  flasks,  one  containing, 
in  addition  to  the  glucose,  1  gm.  of  powdered  calcium  carbtHiate. 
This  insures  neutrality,  permitting  pneumococci  or  streptococci,  which 
are  sensitive  to  acid,  to  develop  and  retain  their  vitality. 

In  making  blood  cultures  from  typhoid  patients,  Buxton  and  Cole- 
man ^  have  obtained  excellent  results  by  the  use  of  pure  ox-bile  con- 
taining ten  per  cent  of  glycerin  and  two  per  cent  of  peptone  in  flasks. 
The  writers  have  had  no  difficulty  in  obtaining  typhoid  cultures  by  the 
nse  of  slightly  acid  meat-extract  broth  in  flasks  containing  200  or  more 
c.c.  to  which  comparatively  little  blood  has  been  transferred. 

AnaMrobio  Blood  Cultures. — These  cultures  may  be  taken  by 
mixing  blood  in  deep  tubes  with  glucose-ascitic  agar,  covering  with 
albolene  and  putting  into  Novy  jars. 

In  estimating  the  results  of  a  hlood  culture,  the  exelusioa  of  eoa- 
lamination  usually  offers  little  difficulty.  If  the  same  microorganism 
ap[>ears  in  several  of  the  plates  and  flasks,  if  colonies  upon  the  plates 
are  well  distributed  within  the  center  and  under  the  surface  of  the 
medium,  and  if  the  microorganisms  themselves  belong  to  species  which 
commonly  cause  septicemia,  such  as  streptococcus  and  pneumococcus, 
it  is  usually  safe  to  assume  that  they  have  emanated  from  the  patient's 
circulation.  When  colonies  are  present  in  one  plate  or  in  one  flask 
only,  when  they  are  situated  only  near  the  edges  of  a  plate  or  upon 
the  surface  of  the  medium,  and  when  they  belong  to  varieties  which 
are  often  found  saprophytic  upon  akin  or  in  air,  they  must  be  lotted 
upon  with  suspicion.  It  is,a  good  rule  to  look  upon  all  staphylococcus 
nlbus  cultures  skeptically. 

1  RnDill  Florence  flasks  are  preferable  to  the  Erienmeyer  flasks  usually  employed. 
*  Btixttm  aud  Coleman,  Am.  Jour,  of  Med.  Sci.,  191^. 
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CHAPTER  XI 

FUNDAMENTAL  FACTORS  OF  PATHOGENICITY  AND  INFECTION 

Whbn  microoi^anisms  gain  entrance  to  the  animal  or  human  body. 
wd  give  rise  to  disease,  the  process  is  spoken  of  as  infection. 

Bacteria  are  ever  present  in  the  environment  of  animals  and  human 
beings  and  some  find  constant  lodgment  on  various  parts  of  the  body. 
The  mouth,  the  nasal  passages,  the  skin,  the  upper  respiratojy  tract,  the 
coDJunctivte,  the  ducts  of  the  genital  system,  and  the  intestines  are 
mvariabty  inhabited  by  numerous  species  of  bacteria,  which,  while  sub- 
ject to  no  absolute  constancy,  conform  to  more  or  less  definite  charac- 
teristics of  species  distribution  for  each  locality.  Thus  the  colon  organ- 
isms are  invariably  present  in  the  normal  bowel,  Ddderlein's  bacillus 
in  the  vagina,  Bacilhis  xerosis  in  many  normal  conjunctivie,  and  staphy- 
lococcus, streptococcus,  various  spirilla,  and  pneumococcus  in  the  mouth. 
In  contact,  therefore,  with  the  bodies  of  animals  and  man,  there  is  a  large 
flora  of  microoi^aaisnis,  some  as  constant  parasites,  others  as  transient 
invaders;  some  harmless  saprophytes  and  others  capable  of  becoming 
pathogenic.  It  is  evident,  therefore,  that  tbe  production  of  an  infection 
must  depend  upon  other  influences  than  the  mere  presence  of  the  micro- 
ciganisms  and  their  contact  with  the  body,  and  that  the  occurrence  of 
the  reaction — for  the  phenomena  of  infection  are  in  truth  reactions  be- 
tween the  germ  and  the  body  defenses — is  governed  by  a  number  of 
important  secondary  factors. 

In  order  to  cause  infection,  it  is  necessary  that  the  bacteria  shall  gain 
entrance  to  the  body  by  a  path  adapted  to  their  own  respective  cultural 
requirements,  and  shall  be  permitted  to  proliferate  after  gaining  a  foot- 
hold. Some  of  the  bacteria  then  cause  disease  by  rapid  multiplication, 
pragresdvely  invading  more  and  more  extensive  areas  of  the  animal 
tiowee,  while  others  may  remain  localized  at  the  point  of  invasion  and 
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exert  their  liannful  action  chiefly  by  local  grosvth  and  the  claboratioD  of 
specific  poisons. 

The  inciting  or  inhibiting  factors  which  permit  or  prohibit  an  in- 
fection are  dependent  in  part  upon  Ihc  nature  of  the  invailiiig  gcnn  and 
in  part  upon  the  conditions  of  tlic  defensive  mechanism  of  the  .subjcrt 
attacked. 

Bacteria  are  roughly  divided  into  two  classes,  saprophytes  an^l 
parasites.  The  sapn)phy(es  are  those  bacteria  which  thrive  Ix'st  oil 
dead  organic  matter  and  fulfil!  the  enormously  important  function  in 
nature  of  n^ilucing  by  their  physiological  activities  the  excreta  and 
dead  bodies  of  more  highly  orgiuiiaed  forms  into  thow;  simple  chemical 
substances  which  may  again  l)c  utilized  bv  the  plants  in  their  con- 
structive processes.  The  saprophyt^-s,  tlmw,  are  of  extreme  imjiortanrc 
in  maintaining  the  chemical  balance  lietwii'ii  tlic  animal  and  plant 
kingdoms.  Parasites,  on  the  other  hand,  fin'l  the  most  favornblc 
conditions  for  their  development  iiiwn  the  living  bixlies  of  higher  forms. 

While  a  strict  separation  of  the  two  divisions  eiin  not  Ik;  made,  nu- 
merous species  forming  transitions  between  the  two,  it  may  be  said 
that  the  latter  class  comprises  most  of  the  so-called  pathogenic  or 
disease-producing  bacteria.  Strict  saprophj-t^is  may  cause  disease, 
but  only  in  cases  where  other  factors  have  brought  almut  the  death 
of  some  part  of  the  tissues,  and  the  bacteria  invade  the  necrotic 
areas  and  break  down  the  proteids  into  poisonous  chemical  sul>- 
stances  such  as  ptomains,  or  thi-ough  their  own  (h-struction  give 
rise  to  the  liberation  of  toxic  constituents  of  their  luidies.  It  is 
necessary,  therefore,  that  l>acti'ria,  in  onler  to  incit*!  disease, 
should  belong  ;itrictly  or  fwiiltatively  to  the  class  known  iw  para- 
sitic. It  must  not  be  forg()tlen,  however,  (hat  the  tenns  are  relattw^ 
and  that  bacteria  ordinarily  saprophytic  may  develop  parasitic 
and  pathogenic  powers  when  the  resisting  fones  of  Ihe  invaile<l 
subject  are  reduced  to  a  minimum  by  chronic  constitutional  disease 
or  other  causes. 

Organisms  that  are  pai-asitie,  however,  are  mit  neceksarily  pathog«' Jc, 
and  there  arc  certain  more  or  less  fundamental  retiuircmenta  which 
experience  has  taught  us  mus-t  l»  met  by  an  organism  in  onler  that  it 
may  be  infectious  (or  pathogenic)  for  any  given  animal;  and  by  infec- 
tiousness is  meant  the  ability  of  an  organism  to  live  and  multiply  in  the 
animal  fluids  and  tissues.  For  instance,  an  organism  which  is  shown 
not  to  grow  at  the  body  tcmiwratuiv  of  wann-blooded  animals  may 
safely  be  assumctl  not  to  be  infectious  for  such  animals;  and  experience  i:^ 
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gradually  teaching  us  that  strictly  aerobic  orgamsms,  those  thriving 
only  in  the  presence  of  free  oxygen  and  not  able  to  obtain  this  gas -in 
available  combination  from  carbohydrates,  can  also  be  safely  excluded 
from  the  infectious  class.  We  have  also  learned  that  anaerobic  organ- 
isms, although  infectious  when  gaining  entrance  to  tissues  not  abun- 
dantly supplied  with  blood,  are  practically  unable  to  multiply  in  the 
blood  stream  and  give  rise  to  generalized  infection. 

The  pathogenic  microorganisms  differ  very  much  among  themselves 
in  the  degree  of  their  disease-inciting  power.  Buch  power  is  known  as 
virui^nce.  Variations  in  virulence  occur,  not  only  among  different 
species  of  pathogenic  bacteria,  but  may  occur  within  the  same  species. 
Pneumococci,  for  instance,  which  have  been  kept  upon  artificial  media 
or  in  other  unfavorable  environment  for  some  time,  exhibit  less  viru- 
lence than  when  freshly  isolatc<l  from  the  bodies  of  man  or  ani- 
mals. It  is  noctaaary,  therefore,  in  order  to  produce  infection,  that 
the  particular  bacterium  involved  shall  possess  sufficient  virulence. 

Whether  or  not  infection  occurs  depends  also  upon  the  number  of 
bacteria  which  gain  entrance  to  the  animal  tissues,  A  small  number  of 
bacteria,  even  though  of  proiwr  species  and  of  sufficient  virulence,  may 
easily  bo  overcome  by  tho  first  onslaught  of  the  defensive  forces  of  the 
body.  Bacteria,  therefore,  must  be  in  sufficient  number  to  overcome  locjJ 
defenses  and  to  gain  a  definite  foothold  and  carry  on  their  life  processes, 
before  they  can  give  rise  to  an  infection.  The  more  virulent  the  germ, 
other  conditions  being  equal,  the  smaller  the  number  necessary  for  the 
production  of  disease.  The  introduction  of  a  single  individual  of  the 
anthrax  species,  it  is  claimed,  is  often  sufficient  to  cause  fatal  infection; 
while  forms  less  well  at^lapted  to  the  parasitic  mode  of  life  will  gain  a 
foothold  in  the  animal  body  only  aftt-r  the  introduction  of  large  numbers. 

Th«  Path  of  Infoction. — The  portal  by  which  bacteria  gain  entrance 
to  the  human  body  is  of  great  importance  in  determining  whether  or  not 
disease  shall  occur.  Typhoid  bacilli  nibbed  into  the  abraded  skin  may 
give  rise  to  no  reaction  of  importance,  while  the  same  microorganism, 
if  swallowed,  may  cause  fatal  infection.  Conversely,  virulent  strepto- 
cocci, when  swallowed,  may  cause  no  harmful  effects,  while  the  same 
bacteria  rubbed  into  the  skin  may  give  rise  to  a  severe  reaction. 

Animals  and  man  are  protected  against  invasion  by  bacteria  in 
various  ways.  E^ftemally  the  body  is  guarded  by  its  coverings  of  skin 
and  mucous  membranes.  When  these  are  healthy  and  undisturbed, 
microorganisms  are  usually  held  at  bay.  While  this  is  true  in  a  gen- 
eral way   bicteria  may' in  occasional  cases  pass  through  uninjured 
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sluD  and  mucosa.  Thus  the  Auatriui  Plague  Commiaokn  found  that 
guioea-pigs  could  be  infected  when  plague  bacilli  were  rubbed  into  tlte 
shaven  skin,  and  there  can  hardly  be  much  doubt  of  the  fact  that 
tubercle  bacilli  may  occaoonally  pass  through  the  intestinal  mucosa  into 
the  lympbatica  without  caunng  local  lestons. 

Even  after  bacteria  of  a  pathogenic  ^>ecies,  in  large  numbers  and  of 
.  adequate  virulence,  have  pafued  through  ft  locally  undefended  area  in 
the  skin  or  mucosa  of  an  animal  or  a  human  being  by  a  path  most  favor- 
ably adapted  to  them,  it  is  by  no  means  certain  that  an  infection  will 
take  i^ace.  The  bodies  of  animals  and  erf  man  have,  as  we  shall  see,  at 
their  disposal  certain  general,  systemic  weapons  f4  defense,  both  in  the 
blood  serum  and  ibe  cellular  elnnents  of  bk>od  and  tisaues  which,  if 
Donnalfy  vigorous  and  active,  will  usually  ovemHne  a  certain  number 
ot  the  invading  bacteria.  If  these  defenses  are  alHionnally  depressed, 
or  the  invading  microorganisms  are  di^mipoitiooatdy  virulent  or  plen- 
tiful, infection  takes  place. 

Bacteria,  after  gaining  an  enttsnce  to  the  body,  may  pve  rise  merely 
to  local  inflammatioD,  necroos,  and  abscess  formatkn.  They  may,  oa 
the  other  hand,  from  the  local  leskxi,  gain  oitrance  into  the  lymphaUcs 
and  bkmd-vesaels  and  be  carried  freely  into  the  circulation,  where,  if  they 
nirvive,  the  resulting  conditioQ  is  known  as  baeteriemia  or  aeptictmia. 
Ganied  by  the  blood  to  other  parts  of  the  body,  they  may,  under  favor- 
able circumstances,  gain  foothoM  in  various  organs  and  give  rise  to 
secondary  foci  (rf  inflammation,  necrosie,  and  ahseeas  formatimi.  Such 
a  condition  is  known  as  p^ewM.  The  disease  processes  ariong  as  the 
result  of  bacterial  invasion  may  depend  wholly  or  in  part  upcm  the 
merhauical  injury  produced  by  the  procMs  of  inflammatioa,  the  dis- 
turbance of  function  caused  by  the  presmce  of  the  bacteria  in  the  capil- 
laries  and  Ui^ue  spacm,  and  the  absorption  of  the  neerottc  |miducta 
reeuliing  from  the  reaction  between  the  body  cdb  and  the  miero- 
oTf^nii^nis.  f  o  a  laif^  extent,  however,  infeetioas  dneasea  ate  char- 
arteriml  by  the  symptoms  resulting  from  the  aboorptioD  or  diffuara 
of  the  poisons  produced  by  the  bacteria  tfaeuetvea 

■irtwial  VviMaa.— It  was  plain,  even  to  the  earliest  students  of  th» 
subjet-t.  that  mere  mechanical  capillary  ob^ructimi  or  the  absorption 
of  the  prwluots  of  a  local  inflammation  were  insufficteBt  to  explain  the 
profounti  sjswmk-  .Usturhances  which  amwipany  navy  bw;terial  in- 
r«ti*«s-  The  vw>  nature  of  bacUrial  Oiwase.  thenfote.  aaneeted  the 
f^went-e  of  poiwrki. 

It  was  in  hc»  investigatioDs  into  the  nature  at  tkom  ptwons  that 
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Brieger  *  was  led  to  the  discovery  of  the  plamaina.  These  bodies,  first 
isolated  by  him  from  decomposing  beef,  fish,  and  human  cadavers,  have 
found  more  extended  discussion  in  another  section.  Accurately  classified, 
they  are  not  true  bacterial  poisons  in  the  sense  in  which  the  term  is 
now  employed.  Although  it  is  true  that  they  are  produced  from  pro- 
teid  material  by  bacterial  action,  they  are  cleavage  products  derived 
from  the  culture  medium  upon  the  composition  of  which  their  nature 
intimately  depends.  The  bacterial  poisons  proper,  on  the  other  hand, 
&ie  specific  products  of  the  bacteria  themselves,  dependent  upon  the 
nature  of  the  medium  only  as  it  favors  or  retards  the  full  development 
of  the  physiological  functions  of  the  mlcrooi^&nisms.  The  poisons,  pro- 
duced to  a  greater  or  lesser  extent  by  all  pathogenic  microorganisms, 
may  be  of  several  kinds.  The  frue  toxins,  in  the  specialtEed  meaning 
which  the  term  has  acquired,  are  soluble,  truly  secretory  products  of 
the  bacterial  cells,  passing  from  them  into  the  culture  medium  during 
their  life.  They  may  be  obtuned  free  from  the  bacteria  by  filtration  and 
in  a  purer  state  from  the  filtrates  by  rhemical  precipitation  and  a  vari- 
ety of  other  methods.  The  most  important  examples  of  such  poisons 
are  those  elaborated  by  Bacillus  diphtherie  and  Bacillus  tetani.  If 
cultures  of  these  bacteria  or  of  others  of  this  class  are  grown  in  fluid 
media  for  several  days  and  the  medium  is  then  filtered  through  porce- 
lain candles,  the  filtrate  will  be  found  toxic  often  to  a  high  degree,  while 
the  residue  will  be  either  inactive  or  comparatively  weak.  Moreover, 
if  the  residue  possesses  any  toxicity  at  all,  the  symptoms  evidencing 
this  will  be  different  from  those  produced  by  the  filtrate. 

Th^e  are  oth«  microorganisms,  however,  notably  the  cholera 
quriUum  and  the  typhoid  bacillus,  in  which  no  such  exotoxins  are 
f(Hmed.  If  these  bacteria  are  cultivated  and  separated  trom  the  cul- 
ture fluid  by  filtration,  as  above,  the  fluid  filtrate  will  be  toxic  to  only  a 
very  slight  degree,  whereas  the  reudue  may  prove  very  poisonous.  In 
these  cases,  we  are  dealing,  evidently,  with  poisons  not  secreted  into  the 
medium  by  the  bacteria,  but  rather  attached  more  or  less  firmly  to  the 
bacterial  body.  Such  poisons,  separable  from  the  bacteria  only  after 
death  by  Bome  method  of  extraction,  or  by  autolysis,  were  t«med  by 
Pfeiffer  endotoxins.  The  greater  number  of  the  pathogenic  bacteria 
aeem  to  act  chiefly  by  means  of  poisons  of  this  class.  The  first  to  call 
attention  to  the  existence  of  such  intracellular  poisons  was  fiuchner, 
who  formulated  his  conclusions  from  the  results  of  experiments  made 

>  Bruycr,  "Die  PtMnuDe,"  B^in,  1886  and  188S. 
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with  a  number  of  microoisaniBms,  notably  the  Friedlander  bacillus 
and  Staphylococcus'  pyc^nes  aureus,  with  dead  cultures  of  which  he 
induced  the  formation  of  sterile  abscesses  in  animals  and  symptoms 
of  toxemia.  The  conception  of  "endotoxins,"  received  its  clearest 
and  most  definite  expression  in  the  work  of  Pfeiffer'  on  cholera 
poison. 

Some  clarity  of  conception,  based  on  visual  perception,  may  possibly 
be  gained  by  comparing  some  of  the  products  of  pathogenic  bacteria 
with  bacterial  pigments  and  with  insoluble  interstitial  or  intercellular 
sub^ittHce,  which  may  be  seen  accompanying  bacteria  in  cover-glass 
preparations.  Soluble  tojdc  aecretions  are  to  be  compared  to  such  pig- 
meats  as  the  pyoeyanin  of  BaciLas  pyocyaneua,  which  is  so  rea<lily 
soluble  in  culture  media;  endotoxins  proper,  to  pigments  confined  to 
the  bacterial  cell,  or  at  least,  when  secreted,  being  insoluble  in  culture 
media,  such  for  instance  as  the  well-known  red  pigment  of  Bicillua  pro- 
digiosus,  which  may  often  be  seen  free  among  the  bacteria  in  irregular 
red  granules  like  carmine  powder.  That  bodies  aurh  as  this  latter  might 
be  extruded  from  pathogenic  bacteria  an<l  not  be  soluble  in  the  u^ual  cul- 
ture fluids,  is  not  improbable,  and  the  fact  that  more  or  leas  insoluble 
interstitial  substances  are  not  infrequent  among  bacteria  is  well  known. 

In  all  bacterial  bodies,  after  removal  of-  toxins  and  endotoxins,  a 
certain  proteid  residue  remains  whirh,  if  injected  into  animals,  may 
giVe  rise  to  localized  lesions  sui^h  as  absmsses  or  merely  slight  teiiiporaiS' 
inflammations.  The  nature  of  this  residue  has  been  carefully  studi«>i!, 
especially  by  Buchner,  -who  has  named  it  hacterial  prolein  ahd  he 
believes  the  .substance  to  Ixi  approximately  the  same  in  all  bacteria, 
without  specifii;  toxic  action,  but  with  a  general  ability  to  exert  a  positive 
chemotactic  effect  on  the  white  blood  cells,  thrr(;hy  pausing  the  forma- 
tion of  pus.  The  nature  of  the  bacterial  proteins  is  by  no  means  clear, 
and  it  is  stillin  doubt  whether  the  separation  of  these  substances  from 
the  endotoxins  can  be  upheld. 

A  number  of  bacteria  may  give  rise  to  both  varieties  of  poisons. 
Thus,  recently,  Kraus  has  claimed  the  discovery  of  a  soluble  toxin  for 
the  cholera  spirillum  and  Doerr  for  the  dysentery  bacillus,  both  of  which 
microoi^niams  were  regarded  as  being  purely  of  the  endotoxin -pro- 
ducing type. 

It  is  plain,  moreover,  that  occasionally  it  may  be  very  difficult  to 
distinguish  between  a  soluble  toxin  and  an  endotoxin.    In  the  filtration 

1  PfaJTer.  Zeit.  f.  Hyg.,  xl,  1892. 

Digitized  by  Google 


FACTORS  OF  PATHOGENICITY  AND  INFECTION  187 

experiment  recorded  above,  it  might  well  be  claimed  that  the  toxicity 
of  the  filtrate,  when  not  very  strong,  may  depend  upon  an  extraction 
of  endotoxins  from  the  bodies  of  the  bacteria  by  the  medium..  The 
final  test,  in  such  instances,  lies  in  the  power  of  true  toxins  to  stimu- 
late in  animals  the  production  of  antitoxins;  for,  as  wc  shall  see  later^ 
the  injection  of  true  soluble  toxins  into  animals  gives  rise  to  atititoxigis, 
whercaa  the  formation  of  such  ncutrahzing  bodies  in  the  serum  or  plasma 
does  not,  it  is  claimed,  follow  the  injection  of  endotoxins.  This  distinc- 
tion will  become  clearer  as  we  proceed  in  the  discussion  of  immunity.  It 
must  not  be  forgotten,  however,  that  our  knowledge  of  bacterial  poisoDS 
b  by  no  means  complete,  and  that  sharp  distinctions  as  those  given  above 
must  be  regarded  to  a  certain  extent  as  tentative. 

In  rosiatancu  to  chemical  action  and  heat,  the  various  poisons  show 
widely  diver^nt  properties.  As  a  general  rule,  most  true  soluble 
toxins  are  delicately  thermolabile,  they  are  destroyed  by  moderate 
heating,  and  dctcriurutc  easily  on  standing.  Their  chemical  nature  is 
by  no  means  clear,  but,  on  precipitation  of  toxic  solutions  with  mag- 
nesium sulphate,  these  poisons  come  down  together  with  the  globulins. 
The  nature  of  the  endotoxins  is  still  less  cleai^y  understood.  Most  of 
them,  while  less  labile  than  the  extracellular  poisons,  arc,  ncvcrthelese, 
destroyed  by  exposure  to  70°  C.  On  the  other  hand,  certain  specific  and 
powerful  intracellular  poisons,  hkc  those  of  the  Gartner  bacillus  of  meat 
poiiionmg,  may  undergo  exposure  to  even  100°  C.  and  still  retain  their 
toxic  proiicrties.  The  nature  of  each  individual  poison  will  be  discussed 
in  connection  with  its  microorganism. 

The  Mode  of  Aetion  of  Bacterial  Peisons.— Close  study  of  the  toxic 
products  of  various  microorganisms  haa  shown  that  many,  of  the  bac- 
terial poLsons  possess  a  more  or  loss  definite  scleetive  action  upon  special 
tissues  and  organs.  Thu.s,  certain  soluble  toxins  of  the  tetanus  bacillus 
and  Bacillus  botulinus  attack  specifically  the  nervous  system.  Again, 
certain  poisons  elaborated  by  the  staphylococci,  the- tetanus  bacillus, 
the  streptococci,  and  other  germs,  the  so-called  "hemolysins,"  attack 
primarily  the  retl  blood  corpuscles.  Other  poisons  again  act  on  the 
white  blood  corpuscles;  in  short,  the  characteristic  affinity  of  specific 
bacterial  poisons  for  certain  organs  is  a  widely  recognized  fact. 

In  explanation  of  this  Ix^havior,  nmch  aid  has  been  ^ven  by  the 
researches  of  Meyer,'  Overton,' Ehrlich,*  and  others  upon  the  causes  for 

'  Mejfer.  Arch,  f,  exper.  Pathol.,  1899,  1901. 

'Overton,  "Studiea  Qb.  d.  Narkose,"  Jena,  1901. 

'EMich,  "SauerstoCfs-BedilrfoiH  des  Organionius,"  Berlin,  18S^ 
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the  aualt^ous  selective  behavior  of  various  narcotics  and  alkaloids. 
It  seems  probable,  from  the  researches  of  these  men,  that  the  selective 
action  of  poisons  depends  upon  the  ability,  chemical  or  physical  or  both, 
of  the  poisons  to  enter  into  combination  with  the  specifically  affected 
cells.  From  the  nature  of  the  combinations  fonned,  it  seems  not  unlikely 
that  the  physical  factors,  such  as  solubility  in  the  cell  plasma,  may  also 
play  an  important  part. 

Observations  of  a  more  purely  bacteriological  nature  have  tended 
to  bear  out  these  conclusions.  Wassermann  and  Takaki,*  for  instance, 
have  shown  that  tetanus  toxin,  which  specifically  attacks  the  nervous 
system,  may  be  removed  from  solution  by  the  addition  of  brain  sub- 
stance. Removal  of  the  brain  tissue  by  centrifugation  leaves  the  8olu< 
tion  free  from  toxin.  In  the  same  way  it  has  been  shown  that  hemo- 
lytic poisOTis  can  be  removed  from  solutions  by  contact  with  red 
blood  cells,  but  only  when  the  rod  blood  cells  of  susceptible  species  are 
employed. 

Similar  observations  have  been  made  in  the  case  of  leukocidin,  a 
bacterial  poison  acting  upon  the  while  blood  cells  specifically.* 

That  bacterial  poisons  injected  into  susceptible  animals  rapidly 
disappear  from  the  circulation  is  a  fact  which  bears  out  the  view  that 
a  combination  between  affected  tissue  and  toxin  must  take  place. 
Ddnitz,*  for  instance,  has  ^own  that  within  four  to  eight  minutes  after  ' 
the  injections  of  certain  toxins,  considerable  ^antities  will  have  dis- 
appeared from  the  circulation.  Conversely,  MetchnikoS '  has  ob- 
served that  tetanus  toxin  injected  into  insusceptible  animals  (lizards) 
may  be  detected  in  the  blood  stream  for  as  long  as  two  monUia  after 
administration. 

>  Wattermarm  und  Takaki,  Beri.  klin.  Woeh.,  1898. 
'Soda,  Hofinei8(«r'B  Bdtitge,  11,  1902. 
>D6mtz,  Deut,  mod.  Woch.,  1897. 
•  Melekmkoff,  "  L'inununiU  dans  les  malad.  infeet," 
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CHAPTER  XII 

DEFENSIVE  FACTORS  OF  THE  ANIMAL  OROANISlf 

QsmRAL  ooHsmnuTion 

Wk  have  seen  that  the  mere  entrance  of  a  pathogenic  microorganism 
into  the  human  or  animal  body  through  a  breach  in  the  continuity  of 
the  mechanical  defenses  of  skin  or  mucosa  does  not  necessarily  lead  to 
the  devdopment  of  an  infection.  The  opportunities  for  such  an  invasion 
ue  (o  numerous,  and  the  contact  of  members  of  the  animal  kingdom  with 
the  germs  of  disease  is  so  constant,  that  if  this  were  the  case,  sooner  or 
later  all  would  succumb.  It  is  plain,  therefore,  that  the  animal  body 
must  possess  mor  subtle  means  of  defense,  by  virtue  of  which  pathogenic 
germs  are,  even  after  their  entrance  into  the  tissues  and  fluids,  dis- 
posed of,  or  at  least  prevented  from  proliferating  and  elaborating  their 
poisons.  The  power  which  enables  the  body  to  accomplish  this  is  spoken 
o(  an  riaijirt^^^  When  this  resistance,  which  in  Honiifi  diy™  ■«  "nm. 
mtm  to  all  members  of  the  animal  kingdom,  is  especially  marked,  it  is 
spoken  of  as  "  immunitv." 

From  this  it  follows  naturally  that  the  terms  resistance  and  immunity, 
as  well  as  their  converse,  susceptibility,  are  relative  and  not  absolute 
terms.  D^rees  of  resistance  exist,  which  are  determined  to  a  certain 
extent  by  individual,  racial,  or  species  peculiarities;  and  persona  or 
animals  are  spoken  of  as  immune  when  they  are  unaffected  by  an  ex- 
posure or  an  uioculation  to  which  the  normal  average  individual  of  the 
same  species  would  ordinarily  succumb.  The  word  does  not  imply, 
however,  that  the^e  individuals  could  not  be  infected  with  unusually 
virulent  or  large  doses,  or  under  particulariy  unfavorable  circumstances. 
Thus,  birds,  while  immune  against  the  ordinary  dangers  of  tetanus  bacilli, 
may  be  killed  by  experimental  inoculations  with  very  large  doses  of 
tetanus  toxin.*  Similariy,  Pasteur  rendered  naturally  immune  hens 
susceptible  to  anthrax  by  cooling  them  to  a  subnormal  temperature,  and 
Canalis  and  Horpurgo  did  the  same  with  doves  by  subjecting  them  to 
starvation. 

>  Quoted  fTOm  AM,  KoUe  und  WiMermann,  "  Handbuch, "  etc. 
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Absolute  immunity  is  exceedingly  rare.  The  entire  insusceptibility 
of  cold-blooded  animals  (frogs  and  turtles)  under  normal  conditions  to 
inoculation  with  even  the  lai^est  doses  of  many  of  the'  bacteria  patho- 
genic for  warm-blooded  animals,  and  the  immunity  of  all  the  lower 
animals  against  leprosy,  are  among  the  few  instances  of  absolute  immu- 
nity known.'  Apart  from  such  exceptional  cases,  however,  resistance, 
immunity,  and  susceptibility  naust  be  reganied  as  purely  relative  terms. 

The  power  of  resisting  any  specific  iiifection  may  be  the  natural 
heritage  of  a  race  or  species,  and  is  then  spoken  of  as  Tu^urcd  immunitg. 
It  may,  on  the  other  hand,  be  acquired  either  accidentally  or  artificially 
by  a  member  of  an  ordinarily  susceptible  species,  and  is  then  calleJ 
arquired  immunity. 

M*tnriJ  ImmniutT. — Si-wiKa  Immitmitv — It  la  well  knowii  that  many 
of  the  infectious  diseases  whi(^h  commonly  affect  man,  do  not,  so  far 
as  wc  know,  occur  spontaneously  in  animals.  Thus,  infection  with  B 
typhosus,  the  vibrio  of  cholera,  or  the  meningococcus  occurs  in  ani- 
mals only  after  experimental  inoculation.  Gonorrheal  and  syphililic 
infection,  furthermore,  not  only  does  not  occur  spontaneously,  but  is 
produced  experimentally  in  animals  with  the  greatest  difficulty — the 
consequent  diseases  being  incomparably  milder  than  those  occurring  in 
man.  Other  diseases,  like  leprosy,  influenza,  and  the  exanthemata,' 
have  never  been  successfully  transmitted  to  animals. 

r»pv<>raply  t.hfrq  g.rp  jli-u-fl^'fi  amytifr  animals  which  do  not  spon- 
taneously nt.t.nctf  n^an  Thus,  human  beings  enjoy  immunity  against 
Rinderpest,  and,  to  a  lesser  degree,  against  chicken  cholera. 
■  Among  animal  3pecie,s  themselves  great  differences  iti  susceptibility 
and  resistance  toward  the  various  infections  exist.  Oft+'n-qiioted  ex- 
amples of  this  are  the  remarkable  resistance  to  anthrax  of  rats  and  dogfl, 
and  the  immunity  of  the  common  fowl  against  tetanus. 

The  fitctors  which  determine  these  differences  of  susceptibility  and 
resistance  among  the  various  species  are  not  clearly  understoo<i.  It 
has  been  suggested  that  diet  in  some  instances  may  influence  these  tv- 
lations,  inasmuch  as  carnivorous  animals  are  often  highly  resistant  to 
glanders,  anthrax,  and  even  tubereidous  infectii)ns,  to  wtiich  herbiv- 
orous animals  are  markedly  susceptible.'  It  is  likely,  too,  that  the  great 
differences  between  animals  of  various  s|)ecies  in  their  metabolism, 
temperature,  etc.,  may  call  for  special  cultural  adaptation  oni  the  part 

LtAartch.  Zeit,  f.  kliti.  Mediz.,  xix. 
With  the  possible  excpptioD  of  smallpox. 
•  Hahn,  in  Kolle  und  Wufserraanu,  vol.  iv. 
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of  the  bacteria.  The  fact  that  the  bacillus  of  avian  tuberculosis — 
whose  natural  host  has  a  normal  body  temperature  of  40°  C.  and  above 
—will  grow  on  culture  media  at  40  to  50"  C,  whereas  B.  tuberculosis 
of  man  can  not  be  cultivated  at  a  temperature  above  40°  C,  would 
8cem  to  lend  some  support  to  this  view.  The  difference  between  warm- 
and  cold-blooded  animals  has  already  been  noted.  The  necessity  for 
cultural  adaptation,  too,  would  si^em  to  be  borne  out  by  the  great 
enhancement  observed  in  the  virulence  of  certain  microorganisms  for 
a  given  species  after  repeated  passage  through  individuals  of  this  species. 

RACiAL-jMMUxrTV, — Just  as  differences  in  susceptibility  and  im- 
munity exist  among  the  various  animal  species,  so  the  separate  races  or 
varieties  within  the  same  species  may  display  differences  in  their  reac- 
tions toward  pathogenic  germs.  Algerian  sheep,  for  instance,  show 
a  much  higher  reaistancp  t^  anthntv  than  ilf|  pi.r  nwi.  ,lmnf>it.ip  ahr-on 
and  the  various  races  of  mice  differ  in  their  susceptibility  to  anthrax 
and  to  glanders. 

Similar  racial  difTcrcnccs  are  common  among  human  beings.  As  a 
general  rule,  it  may  be  said  that  a  race  among  whom  a  certain  disease 
has  het-n  rndnmic  for  many  ages  is  lens  fii)scrntihlf  to  this  diaoftsp  than 
arc  other  races  among  whom  it  has  l>ecn  more  recently  introduceth  Tne 
appalling  ravages  of  tuberculosis  among  negroes.  Anu'ricnn  Iniliana  ftnil 
P^uiinaux,  l>ear  striking  witm'ws  to  this  fact,  ('onverselv.  the  compar- 
ativc  immiinitv  of  the  nt-^ro  from  yellow  fever,  a  disease  of  the  greatest 
virulence  for  Caucasians,  furnishes  further  evidence  in  favor  of  this 
opinion.  It  must  not  lie  foi-goltcn,  however,  in  judging  of  these  rela- 
tions, that  the  great  differences  in  the  customs  of  personal  and  social 
hygiene  existing  among  the  various  races  nmy  considerably  affect  the 
transmission  of  disease  and  lead  to  fals<'  conclusions. 

In  so  far  as  the  statement  maile  above  is  true,  however,  it  seems  to 
indicate  that  the  endemic  diseases  have  carried  in  their  train  a  certain 
dejjree  of  inherit«<l  immunity. 

In  other  cases  '—as  in  the  instance  of  the  malaria-immunity  of 
negroes — the  resistance  seems  to  be  acquired  rather  than  inherited,  for, 
as  Hirsch  was  first  to  note,  death  from  this  disease  occurred  frequently 
among  the  children,  white  adult  negroes  were  rarely  attacked. 

DiFFKRBNrr.R  IN  J;jp['vir.iT  1 1.  Rtj^t-iT ANPi^.^Tn  bacteriological  ex- 
penmentation  with  smaller  test  animals,  a  direct  ratio  may  often  exist 
between  body  weight  and  dosage  in  determining  the  outcome  of  an 

■  Uakn,  in  Kolle  und  Waasemuuin,  ioc.  eit. 
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infection,  provided  the  mode  of  iDOculation  has  been  the  same  and  the 
virulence  of  the  germ  not  excessive.  It  would  seem,  therefore,  that 
among  these  animals  the  difference  in  resistance  in  the  face  of  an  arti- 
ficial infection  between  individuals  of  the  same  race  is  very  slight. 

In  hig^r  animals,  however,  especially  in  the  case  of  man,  the  ex- 
istence of  such  apparent  individual  differences  is  a  well-established  fact, 
although  in  judging  of  thcra  we  must  not  forget  that  the  conditions  of 
infection  are  not  subject  to  the  uniformity  and  control  which  animal 
experimentation  permits.  Of  a  number  of  persons  exposed  to  any 
given  infection  there  are  always  some  who  are  entirely  miaffected  and 
there  are  great  variations  in  the  severity  of  the  disease  in  those  who 
are  attacked.  In  the  absence  of  positive  evidence  in  support  of  the 
direct  inheritance  of  this  individual  immunity,  the  most  reasonable 
explanation  for  such  differences  in  resistance  seems  to  lie  in  attrib- 
uting them  to  in<lividual  variations  in  metabolism  or  body  chem- 
istry. Depressions,  for  instance,  in  the  acidity  of  the  gastric  secretion 
would  predispose  to  certain  infections  of  gastro-intcstinal  origin.  .\na- 
tomical  differences,  too,  may  possibly  influence  I'esistance.  Thus, 
Birch-Hirschfeld  believed  that  certain  anomalous  arrangements  of  the 
bronchial  tubes  predisposed  to  tuberculosis. 

Instances  of  transient  susceptibility  induced  by  physical  or  mental 
overwork,  starvation,  etc.,  should  hardly  be  classified  under  this  head- 
ing, since  the  conditions  in  such  cases  correspond  .timply  to  experi- 
mental depression  of  natural  species  or  race  resistance. 

Aeqnind  Immnni^. — It  is  a  matter  of  common  experience  that  many 
of  the  infectious  disea-ses  occur  hiit  once  in  Ihe  samt;  individual.  This 
IS  notably  the  ease:  with  t^'phoid  fever  vplln^y  fpvpr,  anil  most,  of  the 
exanthemata,  and  is  too  general  an  obacrvation  to  require  extensive 
illustration.  A  single  attack  of  any  of  the  diseases  of  this  class  alters  in 
some  way  the  resiBtance  of  the  individual  so  that  further  exposurr  ia 
the  infective  agent  ia  usually  without  menace,  either  for  a  limited  period 
after  the  attack,  or  for  life.  Reaistrance  acquired  in  this  way  is  often 
spoken  of  as  acquired  iinmunitu. 

The  protection  conferred  by  certajn  diseases  against  further  attack 
was  recognized  many  centuries  ago,  and  there  are  records  which  show 
that  attempts  were  made  in  ancient  China  and  India  to  inoculate  healthy 
individuals  with  pus  from  araall-pox  pustules  in  the  hope  of  producing 
by  this  process  a  mild  form  of  the  disease  and  its  consequent  immunity. 

Pasteur,  before  all  others,  thought  philosophically  about  the  phenom- 
ena of  acquired  immunity,  and,  with  adequate  knowledge,  realiiied  the 
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possibility  of  artiRcally  bestowing  immunity  without  inflicting  the 
ilangcre  of  the  fully  potent  infective  agent.  The  first  observation  which, 
made  by  him  purely  accidentally,  inspired  the  hope  of  the  achievement 
of  such  a  result,  occurred  during  his  experiments  with  chicken  cholera. 
The  failure  of  animals  to  die  after  inoculation  with  an  old  culture  of  the 
bacilli  uf  chicken  cholera,  fully  potent  but  a  few  weeks  previously, 
pointed  to  the  attenuation  of  fbese  bacilli  by  their  prolonged  cultivation 
without  transplantation.  With  this  observation  as  a  point  of  departure 
he  carried  out  a  series  of  investigations  with  the  purpose  of  discovering 
A  method  of  so  weakening  or  attenuating  various  incitants  of  disease 
that  they  could  be  introduced  into  susceptible  individuals  without  cn- 
daogering  life  and  yet  without  losing  their  property  of  conferring  pro- 
icction.  The  brilliant  results  at-hieved  by  Jcnner,  many  years  before, 
in  protectbig  again-st  smallpox  by  inoculating  with  the  entirely  innocu- 
uus  products  of  the  pustules  of  cowpox  furnished  an  analogy  which 
^ve  much  encouraging  support  to  this  prospect. 

The  experimental  work  which  Pasteur  carried  out  to  solve  this  prob- 
lem not  only  reaped  a  rich  harvest  of  facts,  but  gave  to  science  the  first 
and  brilliant  examples  of  the  application  of  exact  laboratory  methods  to 
■iroblems  of  immunity. 

Aorrni  xmhunitt 

AetJye  ArtifldiLIiamacitrjr^The  process  of  conferring  protection 
by  Trealmen^ritfi  ifi^:her  an  attenuatetl  form  or  *  Hiihlethal  giiantitY 
of  the  infectious  agent  of  a  disease,  or  its  products,  is  spoken  of  as  "  active 
immunization." 

Whatever  the  method  employed,  the  immunized  individuals  gain 
their  power  of  resistance  bv  the  unaided  reactions  of  their  own  tissues. 
They  themselves  take  an  active  physiological  part  in  the  acquisition  of 
this  new  property  of  immunity.  For  this  reason,  Ehrlich  has  aptly 
termed  these  processes  "active  immunization." 

There  are  various  methods  by  which  this  can  be  accomplished,  all 
of  which  were,  in  actual  application  or  in  principle,  discovered  by 
Pasteur  and  hie  associates,  and  can  be  best  reviewed  by  a  study  of  their 
worit. 

Active  Immunization  wrru  Attenuated  CiTLTUREa. — In  the  course 
of  his  experiments  upon  chicken  cholera,  as  mentioned  above,  Pasteur  ' 


■  piuteur,  Compt.  ivad.  de  I'acad.  Aev  sci..  I8S0,  t.  xc- 
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acridentally  discovered  that  the  virulence  of  the  bacilH  of  this  diseaa 
waa  greatly  reduced  by  prolonged  cultivation  upon  artificiiil  media. 
This  waa  especially  noticeable  in  broth  cultures  which  had  been  stored 
for  long  periods  without  transplantation.  By  repeated  injections  of  such 
cultures  into  fowl,  he  succe«le<l  in  rendering  the  animals  immune  against 
subsequent  inoculations  with  lethal  doses  of  fully  virulent  strains. 

During  the  same  year,  18S0,  in  which  PaBtcur  published  his  observa- 
tions on  chicken  cholera,  Toussaint '  succeeded  in  immunizing  sheep 
against'  anthrax  by  inoculating  them  with  blood  from  infected  animals, 
defibrinatetl  and  heated  to  o-V  C,  for  ten  minutes,  Toussaint  wrongly 
believed,  however,  that  the  blood  which  had  been  used  in  his  immunisa- 
tions was  free  fram  living  bat^teria.  In  repeating  this  work  Paiiteur 
showed  that  the  pn>tection  in  Ton.ssaint's  cases  was  conferred  by  livin£ 
bacteria,  the  virulence  of  which  ha<l  Iw-en  reduced  by  their  subjection  to 
heat. 

In  following  out  tlic  suggestions  offered  by  these  experiments, 
I'astrur'  discovered  that  he  could  reduce  the  virulence  of  anthrav 
bacilli  much  more  reliably  than  by  Toussaint's  method,  by  cultivatlnfi 
the  organisms  at  inpncased  temperatures  (4'2°  to  43°  C).  By  this  protes 
of  attenuation  he  was  able  to  produce  "  vaccines  "  of  roughly  meaaurahle 
strength,  with  which  he  succeeded  in  immunizing  sheep  and  cattle. 
A  successful  demonstration  of  hi?  discovery  was  made  by  him  at  Pouilly- 
Ic-Fort,  soon  after,  upon  a  lai^e  number  of  animals  and  before  a  corarai*- 
sion  of  profejwional  men. 

It  is  a  fact  well  known  to  bacteriologists  that  certain  of  the  pathogenic 
microorganisms,  when  pjissed  through  several  individuals  of  the  samp 
animal  species,  become  gradually  more  virulent  for  this  species.  In  his 
studies  on  the  bacillus  of  hog  cholera,  Pasteur  observed  that  when  this 
microoi^anism  was  passc^l  through  the  Iwdies  of  several  rabbits  it  gained 
in  vindence  for  rabbits,  but  became  less  potent  against  hogs.  He  suc- 
ceeded, subsequently,  in  protecting  hogs  against  fully  virulent  cultures 
by  treating  them  with  strains  which  had  been  attenuated  by  their 
paasage  through  rabbits. 

A  further  principle  of  attenuation  foi'  purposes  of  immunizetion  was, 
at  about  this  time,  contributed  by  Chamberland  and  Roux,'  who  rc- 


I  Tmissnint.  Compt.  rend,  do  1'aca.l.  cica  sei..  1880.  t.  xci. 
'  Paxleur,  Chamberland  et  Rouj,  Cornpt.  n-r-.d.  rie  I'acad.  dea  b«.,  1S8I, 
'  PoKteur,  Corapt.  rend,  de  I'acod.  des  sci.,  1882.  t.  xcv. 
'CAamdeHondetRcmx,  Compt.  rend.  del'acad.desBci.,  1882,  t,  xori. 
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duced  the  virulence  of  anthrax  cultures  by  growing  them  in  the  presence 

of  weak  antiseptics  (carbolic  acid  1  :  fiOO,  potassium  bichromate  1  : 5,000, 

or  sulphuric  acid  1  :  200).    Cultivated  under  such  conditions  the  bacilli 

lost  their  ability  to  form  spores  and  became  entirely  avirulent  for  sheep 

within  t<.>n  days.    A  similar  result  was  later  obtained  by  Behring  '  when  n 

attenuating   B.  diphtheii^e   cultures  by  the   addition  of  terchlorid  of    ?fiS£^ 

Active  Immukization  WITH  Sublethal  Doses  qf  Fully  Virulent   ytAuJU'V^ 
B AOTE Ri A . — ^The    use    of    fully    virulent    microorganisms    in.  minute 
quantities  for  purposes  of  immunization  was  first  suggested  by  Chau- 
veftu,'  and  is  naturally  inapplicable  to  extremely  virulent  organisms  ^ 
like  B.  anthracis.    Th^  principle,  howcvor,  is  perfectly  valid,  and  has   t'^s^^ 
been  experimentally  applied  by  many  observers,  notably  by  Ferrau '  "F^i^^ 
in  the  case  of  cholera.    A  similar  method  proved  of  practical  value  in 
die  hands  of  Theobald  Smith  and  Kilborae  *  in  prophylaxis  against  the 
protozoan  difsease,  Texas  fever. 

^AfTivK  Immu\'[1'.atiod  with  Dead  Bacteria.— Suggested  by  Hhau-  tl<.*-A- 
veSff^ri^melKof^^cnV^ilffiTOTft^aTiffn  witn  gradually  increasing  doses     '      "" 
of  dead  microorganisms  has  been  aucccsafully  employed  by  various  ob- 
aer\'ers,  chief  among  whom  arc  Pfeiff^.-r,  Brieger,  Wright,  and  Wasser- 
mann.    The  methiHl  is  especially  useful  against  that  class  of  bacteria 
in  which  the  cell  bodies  (endotoxins)  have  been  found  to  b<'  incomparably      —     'T" 
more  poisonous  than  their  pxt.rai'ellulur  products  (toxins)./  From  a  TH/'"^" 
practical  point  of  view,  the  niethotl  is  of  the  greatest  importance  in  viuJO-'^ 
routine  laboratory  immunization  against  B.  tVDhos'i?<|   Vil>[io  ehqlprai  pCa*li'*' 
asiatica,  B.  pestis.  and  ;i  number  of  other  bacteiia.     In  the  therapy     — — -** 
of  human  disease,  this  methoil  has  recently  conn^  into  gi'cat  prominence, 
chiolly  through  the  work  of  Wright,  whose  investigations  will  be  more 
[uJly  <liscussed  in  a  subsequent  section.  -    aj 

Active  Immunization  with  Bactehial  Pnomi<T.q. — Many  bacteria  ^gjjjjj*. 
Wne^growrwi^ui^neaia  produce  <^rraccTlu I !ir."s(iTi7Ble  poisons  which 
remain  in  the  medium  after  the  mitaoorganisnis  have  been  removed  by 
filtration  or  centrifugal ization.  Since .  th"  ']j^"t.ui..i  ..nnuofl  by  such 
microorganisms  are, to  a  large  extent, <hie  to  the  soluble  poisons  excreted 
hy  them,  animals  caii  be  actively  immunised  against  this  class  of  bac- 

■  Bthring.  Zeit.  f.  HyR.,  xU,  1892. 

'  Ckauveau.  (^mpt.  rend,  de  rocotl.  (led  sci,,  ISt^l,  t.  xcii. 

*  Ferran.  Coinpt.  rend,  de  I'acad.  des  sci.,  1805.  t.  >.i. 

•  Th.  Smith  and  Kiibome,  U.  S.  Dept.  of  Agri.,  Bureau  of  .ini,  Indust.,  Wash,, 
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teria  by  the  moculation  of  gradually  increaeing  doBea  of  the,  nptvifit 
Bpison'ortoxm.  Thia  method  is  naturally  moat  aucceaaful  agaJoBt  those 
pLtfcl*^^^'*  microorganisms  which  posse.'H  the  power  of  toxin  formation  to  a  highly 
-r*  A^y„a  developed  degree.  Most  important  among  these  are  B.  diphtheria 
and  B.  tetani.  The  first  aucoesnful  application  of  this  principle  of  aotive 
immunization,  however,  was  made  hy  Salmon  and  Smith'  in  the  case  of 
hog  cholera. 

FAB8ZV1   IMMinnTT 

In  Pasteur's  basic  experiments,  as  in  those  of  the  other  scientists  who 
followed  in  his  footsteps,  the  methods  of  immunization  were  based  upon 
the  development  of  a  high  resistance  in  the  treated  snbj'^^-  hy  virt.iw  nt 
its  own  physiological  aFtivi^j^.  This  process  we  have  spoken  of  aa 
"active  immunisation 'j and  it  is  self-evident  that  a  method  of  this  kind 
can,  in  the  treatment  of  disease,  be  employed  prophylactically  only 
against  possible  infection,  or  in  locaiisted  a^'ute  infections,  or  at  the 
beginning  of  a  long  period  of  incubation  before  actual  symptoms  have 
appeared,  as  in  rabies  or  jn  chronic  conditions  in  which  the  infection  is 
not  of  a  severe  or  acute  nature. 

A  new  and  therapeutically  more  hopeful  direction  was  given  to  the 
study  of  immunity  when,  in  1890  and  1892,  v.  Behring  and  his  collabora- 
tors  discovered  that  the  sera  of  animals  ^^nm^|»izf^l  ayf^inst  the  toxins 
of  tetaniiR '  and  of  diifhtheria '  hiii-illi  wfiL|lf[  protect  normal  animals 
against  the  harmf\il  action  of  thcne  poisons.  The  animals  thus  pro- 
tected obviously  had  taken  no  active  part  in.  their  own  defense,  but 
were  protected  from  the  action  of  the  poJ.Hon  bv  the  suhstancea  trans- 
ferred to  them  m  ^he  sera  of  the  actively  immunized  animals.  Such 
immunity  or  protection,  then^fore,  is  a  purely  passive  phenomenon 
eo  far  as  the  treated  animal  is  concerned,  and  the  process  is  for  this 
reason  spoken  of  as  "  passive  immunization." 

Passive  immunization  of  this  description  is  practically  applicable 
chiefly  against  diseases  caused  by  ht^ff^pa  whii-h  produce  powerful 
toxms,  and  the  sprn  i^f  ftpjinala  a/.tNTp|Y  immunized  against  such  toxins 
arc  called  antitoxic  sera.  '  In  the  treatment  of  the  two  diseases  men- 
tioned above,  diphtheria  and  tetanus,  the  respective  antitoxic  sera  have 

■  SalTtum  and  Smith.  Rep.  of  Oom.  o(  Agri.,  Wash..  1885  and  1886. 
>i>.  Behring  and  kibualo.  I)eiit.  mn).  VVoch..  4!),  18(10. 
-    >i>.  Behrirui  and  WnntiHce,  Zeit.  f  [[ye..  1892. 
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reached  broad  and  beneficial  ther^ieutic  application,  and  innumerable 
lives  have  been  saved  by  their  use. 

Passive  immunization  against  micFoorganiems  not  characterized  by 
marked  toxin  formation  was  attempted,  even  before  Behrii^s  dis- 
twveiy,  by  Richet  and  Hericourt,'  experimenting  with  cocci,  and  by 
Babes,*  in  the  case  of  rabies;  and  the  underlying  thought  had  been  the 
basis  of  Toussunt's  work  upon  anthrax.  Microorganisms,  however, 
which  exert  their  harmful  action  rather  by  the  contents  of  the  bacterial 
cells  than  by  secreted,  soluble  toxins,  do  not,  so  far  as  \b  known,  pro- 
duce antitoxins  in  the  sera  of  immunized  animab.  The  substances 
which  they  call  forth  in  the  process  are  directed  against  the  invading 
oiganisms  themselves  in  that  they  possess  the  power  of  destroying  or 
of  causing  dissolution  of  the  specific  germs  used  in  their  production. 

Such  antibacterial  sera  are  extensively  used  in  the  laboratory  in  the 
passive  immunization  of  animals  against  a  large  number  of  germs,  and 
are  fairiy  effectual  when  used  before,  at  thp  funnp  time  with,  or  soon  after- 
infection,  i  Their  therapeutic  use  in  human  disease,  however,  has,  up 
to  the  present  time,  been  disappointing  and  their  prophylactic  and  cura- 
tive action  has  been  almost  invariably  ineffectual  or  feeble  at  best,  ex- 
cept when  the  antibacterial  sera  could  be  brought  in  direct  contact 
with  the  germs,  in  closed  cavities  or  localized  lesions.  Thus,  in  epidemic 
meningitis,  such  sera  have  proved  extremely  useful  in  the  hands  of 
Flexner,  when  injected  directly  into  the  spinal  canaL 

AHTIBODIBS  AMD  THl  StrBSTAHOBS  OXmia  RUS  TO  THIH 

In  the  foregoing  sections  we  have  seen  that  the  process  of  active 
immunization  so  changes  the  animal  lK)dy  that  jt  becomes  highly 
resistant  against  an  infection  to  which  it  had  formerly  in  many  in- 
stances been  delicately  susceptible.  In  the  absence  of  visible  anatomical 
or  histological  changes  accompanying  the  acquisition  of  this  new  power, 
investigators,  in  order  to  account  for  it,  were  led  to  examine  the  physio- 
logical properties  of  the  body  cells  and  fluids  of  immunized  subjecta. 
While  it  was  reasonable  to  suppose  that  all  the  cells  and  tissues  were 
affected  by,  or  might  have  taken  part  in,  a  physiological  change  so 
profoundly  influencing  the  individual,^i^jjgQ^ because  of  its  unques- 
tionably close  relation  to  inflammatory  reactions,  and  because  of  the 

'  RiehH  et  Htrianttt.  Compt.  rend,  de  I'acad.  dee  sci.,  1888. 
•  BiAf  et  Upp,  Ann.  de  I'inst.  Pasteur,  ISSQ. 
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ease  with  which  it  could  be  obtained  and  studied,  claimed  the  firet 
and  closest  attention.  The  bactericidal  properties  of  normal  blood 
serum  noted  in  18S6  by  Nuttail,'  v,  Fodor,'  and  Flugge,  moreover,  aided 
in  pointing  to  this  tissue  as  primarily  the  seat  of  the  immunizing 
agents.  It  is  an  interesting  historical  fact,  that,  long  before  thia  time, 
the  English  physician  Hunter  had  noted  that  blood  did  not  decompose 
so  rapidly  as  other  animal  tiuaucH. 

The  study  of  the  bloo<l  Herum  of  immunized  animals  as  to  simple 
changes  in  chemical  {composition  or  physical  properties  has  shed  little 
light  upon  the  subject.  Bcljaeff '  in  a  recent  investigation  found  little 
or  no  alteration  from  the  normal  in  the  blood  sera  of  immunized  animals 
aa  to  index  of  refraction,  specific  gravity,  and  alkahnity.  Joachim  *  and 
Moll  agree  in  stwting  that  immune  blood  serum  is  comparativelv  richer 
in  globulin  than  normal  scrum.  Similar  observations  had  l>een  made 
by  Hiss  and  Atkinson  *  and  others.  Important  and  significant  as  these 
purely  chemical  observations  are,  thoy  have  helped  little  in  explaining 
the  natui-e  of  the  processes  going  on  in  immune  sera.  The  first  actual 
light  was  thrown  upon  the  mysterious  phenomena  of  immunity  by 
the  investigations  of  Nuttail  *  v.  Fodor,  Buchncr,  and  others,  who  not 
only  demonstrated  tho  power  of  nnrmg,!  blood  senim  to  destroy  bacteria, 
but  also  showed  that  this  nrorvFty  "f  blond  qi>nim  l^^me  diminishetl 
with  age  and  was  destroyed  complet<?lv  bv  hcfttiny  to  iiG"  C.  The 
thermolabile  SUl>wtaHPCOl  the  blood  aonim  pnsai^'ufr  thia  po^-<>r  WM 
callpd  by  Buchner.'  ajcxir^j 

Soon  after  this  work,  Behring,  in  collaboration  with  Kita-sato '  and 
Wernicke,*  in  ISfM)  and  1892,  made  further  important  advances  in  the 
elucidation  of  the  immunizing  processes  by  showing  that  the  blood  sera 
of  animals  actively  immunized  against  the  toxins  of  diphtheria  and  tet- 
anus would  proUH't  normal  animals  against  the  poisons  of  these  diseases. 
He  believetl,  at  the  time  of  discovery,  that  such  sera  contained  substance:^ 
which  had  the  power  of  destroying  the  specific  toxins  which  had  been 


'  NuUaU,  Zeit.  f.  Hyg.,  i.  18S5. 
'n.  FodoT,  IJcut.  moi.  Woch.,  1886. 
» lieljaeff,  Ceiit.  t.  Bakt,,  lotxiii. 

•  Joachim,  Pfliigera  Arcliiv,  iciii. 

Allies  and  AtkinsiiH,  Sow.  Exper,  Mol.,  v,  1900. 

•  Nutttdt,  Zoit.  f.  Hyf;.,  ISSfl. 

'  BuchruT,  Cent,  t,  Bakt.,  i.  1889. 

•  Brhn'tig  \inA  KiUisalo,  Deiit.  metl.  Wi)ch..  1890,  No.  49, 

•  Behring  und  Wernicke,  Zeit,  I.  Hyg.,  1892. 


Digitized  by  Google 


DEFENSIVE  FACTORS  OF  THE  ANIMAL  ORGANISM  199 

used  in  the  immunization.    He  called  these  bodies  antitoxins.    While  Q/^4*^im 
Behring's  first   conception  of  actual  toxin  destruction  soon  proved  to  j^ 
be  erroneous,  his  discovery  of  the  presence  in  immune  sera  of  bodies  K^^CU/t 
specifically  antagonistic  to  toxins  was  soon  confirmed  and  extended,  p^n'--*-^^ 
and  stands  to-day  sis  an  established  fact. 

Ehrlich,'  soon  after  Behring's  announcement,  showed  that  specific 
antitoxins  could  also  be  produced  against  the  poisons  of  some  of  the 
higher  plants  {antiricin,  antikrotin,  antirobin),  and  Calmette '  produced  -   t-' 
similar  antitoxins  against  snake  poison  (antivenin) .   Stimulated  by  these  U*****'****^ 
reatfirches,  other  observers  have,  since  then,  a(ided  extensively  to  the  ^C^Li/wi, 
list  of  poisons  against  which  antitoxins  can  be  produced.     Kempner  * 
has  produced  antitoxin  against  the  poison  of  Bacillus  botulinus,  and 
W'aseermann,*  against  that  of  Bacillus  pyocyancus.    Antitoxin  has  been 
produced  by  Calmette  *  against  the  poison  of  the  scorpion,  and  by  Sachs  • 
against  that  of  the  spider.    Thus  a  large  number  of  poisons  of  animal, 
plant,  or  bacterial  origin  have  been  found  capable  of  causing  the  pro- 
duction of  specific  antibodies  in  the  sera  of  animals  into  which  they  are 
injected. 

The  formation  of  ftntif.oiciT]p  dirpctixl  against  soluble  noiaons.  how- 
ever did  not  explain  t.hp.  imifyinitv  n.pi|iiirpH  by  itniTTiala  apainat,  bacteria 
like  iiaciilus  anthraris  thp  rhnWn  vibrio,  and  others  which,  unlike  dinh- 
theria  and  tetanus,  produced  Httlc  or  no  aolubl*'  t.nvin  ^Tt.  wa«  evident 
that  the  antitoxic  property  of  immune  blood  serpm  was  by  no  means 
the  sole  expression  of  its  protective  powers.  Much  light  was  she<l  upon 
this  phase  of  the  subject  by  the  discoveries  of  Pfeiffer  in  1894,  who 
worked  along  the  lines  suggested  by  the  investigations  of  Nuttall  and 
Buchner.  Pfeiffer '  showed  that  when  cholera  spirilla  were  injected  into 
the  peritoneal  cavity  of  cholera-immune  guinea-pigs,  the  microorganisms 
rapi<lly  swelled  up,  became  granular,  and  often  underwent  complete 
solution.  The  same  phenomenon  co\ild  be  observed  when  the  bacteria 
were  injected  into  a  normal  animal  together  with  a  sufficient  quantity 
of  cholera-immune  *  serum, 

'  Ehrlich,  Dent.  meiJ.  Woch.,  1891. 

*  Calmetie,  Compt.  rciicl.  de  la  son.  de  biol.,  1S94. 

•  Kempner,  Zeit.  f,  Hyg.,  1897. 

*  Wa»»ermann,  Zeit,  f.  Hyg.,  xkM. 

'  CalmeUe.  Ann.  de  I'iiist.  Pasteur,  1898. 
*Saehs,  Hofm.  Beit.,  1902. 
■       '  Pfeiffer,  Zeit.  f.  Hyg.,  xviij,  1804. 

•  P/eiffer  und  Itaeff,  ibid. 
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This  proceee  he  observed  microscopically  by  abstracting,  from  time 
to  time,  a  small  quantity  of  the  peritoneal  exudate  and  studying  it  in 
hanging-drop  preparations.  The  reaction  was  specific  in  that  the  de- 
structive process  took  place  to  any  marked  extent  only  ia  the  case  of  the 
bacteria  employed  in  the  immunization. 

MetchnikolT,'  Bordet,  and  others  not  only  confirmed  Pfeiffer'a  obser- 
vation, but  were  able  to  show  that  the  lytic  process  would  take  place 
in  vitro,  an  well  as  in  the  animal  body.  The  e.'iiMtcnce  of  a  specific 
destructive  pmi-css  in  immiint;  scnmt  was  thus  cstablishc^or  the  vibrio 


of j;holcra  and  noon  oxt<-inli'il  to  iifihf-  inii-n<f^Ygn.tf\^tnit  The  constitu- 
cnta  of  the  blood  serum  which  gave  rise  to  this  destructive  phenomenon 
were  spoken  of  aajja^tcrij^j/g^gff. 

Following  closely  upon  the  hecb  of  Pfciffcr's  observation  ciune  the 
discovery  of  another  specific  property  of  immune  serum  by  Gruber  and 
Durham.'  These  workers  noticed  that  certain  bacteria,  when  brought 
into  contact  with  the  scrum  of  an  animal  immunized  against  them, 


were  clumped  toother, /deprived  of  motility  ,/and  firmly  agglutinated. 
They  spoke  of  the  phenomenon  as  agglutination  and  of  the  subetances 
in  the  serum  giving  rise  to  it  as  agglidinin^. 

The  list  of  antibodies  was  again  enlarged  by  Kraiis,'  who  in  1897 
showed  that  precipitates  were  formed  when  filtrates    of  cultures  of 

1  cholera,  typhoid,  and  nlatrm^  bmilli  were  mixed  with  their  apM-.ific 
jpimunc  sera.  /  He  called  the  substances  which  bestowed  this  property 
upon  the  sera  precipUbts. 

The  treatment  of  the  animal  body,  therefore,  with  bacteria  or  their 
products  gives  rise  to  a  variety  of  reactions  which  result  in  the  presence 
of  the  "antibodies"  described  above.  Extensive  investigation  has  shown, 
however,  that  the  power  of  stimulating  antibody  production  is  a  phe- 
nomenon not  limited  to  bai^tcria  and  their  products  alone.  Antitoxins, 
we  have  already-  seen,  may  be  produced  with  a  variety  of  poisons  of 
plant  and  animal  origin.  Lysins,  agglutinins,  and  precipitins,  likewise 
may  be  produced  by  the  use  of  a  large  number  of  different  substancce- 
Chief  among  these,  because  of  the  great  aid  they  have  given  to  the  theo- 
retical investigation  of  the  phenomena  of  immunity,  are  the  red  blood 
cells.   Bordet  *  and,  independently  of  him,  Belfanti  and  Carbone  *  showed 

*  MfUhnikaff,  Ann.  de  I'inat.  P»Bt«ur,  1895. 

'  GnAfr  und  DuTbam.  Uunch.  m«l.  Woch.,  1896. 
»  Kratu.  R.,  Wien.  klin,  Woch.,  :12,  1897. 

•  Borilct,  Ann.  de  rinst.  Pasteur,  1S98. 

'  B^anti  et  Carbone,  Giomole  delk  R.  Acad,  di  Torino,  July,  1898. 
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in  1898  that  the  scrum  of  animals  repeatedly  injected  with  the  defibri-^^T^ /^^"^ 
nated  blood  of  another  speiaes  exhibited  the  s|)eeific  power  of  dissolving 
the  red  blood  rorpuscles  of  this  speciea.    This  was  the  first  demonstration 
of  "  hemolyaia  " — a  phenomenon  whit;h,  because  of  the  ease  with  which 
it  can  l>e  observed  in  vilro,  has  miieh  facilttat^'tl  investigation. 

The  knowletlgp  that  specific  "cytotoxins"  or  cell-destroying  anti- 
bodies could  be  prod\iced  by  injection  of  red  blood  cells  naturally  sug- 
gested the  possibility  of  analogous  reactions  for  other  tissue  cells.  It 
was  not  long,  therefore,  before  Metchnikoff '  and,  independently  of 
him,  Landsteiner  *  succeeded,  by  repeated  injections  of  spermatozoa,  in 
producing  a  serum  which  would  seriously  injure  these  specialized  cells. 
Von  Dungem  '  obtained  similar  results  with  the  ciliated  epithelium  of 
the  trachea.  Since  then  a  host  of  cytotoxins  have  been  produced  with 
the  cells  of  various  organs  and  tisaues.  Thus,  Neiaser  and  Weehsberg  ' 
produced  leucotoxin  (leucocytes) ;  Delezenne,'  neurotoxin  and-  hepa- 
totoxin;  Surmont," pancreas  cytotoxin;  and  Bogart  and  Bernard,' su- 
prarenal cytotoxin. 

One  of  the  mont  interesting  of  the  cvtotoxins.  moreover,  is  nephro- 
toxin — produced  bv  the  treatment  of  anirnak  yit.h  injni-ti»na  ^^f  pfffiil- 
Mona  of  kidney  tissue,  \ 

In  all  cases  it  was  supposed  by  those  first  working  with  these  bodies, 
that  the  injection  of  the  sera  of  animals  previously  treated  with  any 
particular  tL-wiie  substance  would  produce  specific  injury  upon  the  or- 
gans homologous  to  the  ones  used  in  immunization.  It  need  hardly  be 
pointed  out  how  very  inipori-ant  such  phenomena  would  be  in  throwing 
light  upon  the  degenerative  pathological  lesions  occurring  in  disease. 
As  a  matter  of  fact,  however,  sera  so  produced  have  been  shown  to  be 
specific  for  certain  organs  in  a  limited  sense  only.  The  question  of 
.-specific  cytotoxins  has  been  of  especial  importance  in  the  case  of 
nephritis,  where  Ascoli  and  Figari '  and  others  have  suggested  an 
autonephrotoxln  as  the  basis  of  the  pathology  of  this  disease.  In 
ihe  hands  of    Pearce    and  others,  however,  the  strict  specificity  of 

.    '  MrUknikoff,  Ann.  de  I'inst.  Pasteur,  1898. 
>  Landtieiner,  Cent.  f.  Bakt.,  i,  2.^  1899. 
»  p.  Dungem,  Hflnch.  med.  Woch.,  189fl. 
'  yeuuer  und  Wefhri>erg,  Zeit.  t.  Hyg..  xxxvi,  1901. 

'  DOettnne,  Ann.  de  I'inst.  Past.  1900;  Compt.  rend,  de  Tacad.  des  sci.  1900. 
*  Sitrmimt,  Compt,  rend,  de  la  soc.  de  biol..  1901. 
"<  Bogart  ti  Bernard,  ibid..  1891. 
■  Atft^i  anil  Figan,  Berl.  klin.  Woch.,  1902. 
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nephrotoxin  could  not  be  upheld  and  the  subject  is  still  in  the  «- 
perimentftl  stage. 

Recent  expcrimpnts  by  Pearce  '  suggest  that  at  least  a  part  of  the 
local  injury  to  organs  exert«<l  by  such  "  cytotoxic "  sera  may  not  be 
due  to  a  specific  action  upon  the  organ  cells  so  much  &s  upon  the 
hemagglutinattng  action  of  the  sera  causing  embolism  and  necrosis. 

It  is  a  fact  also  that  most  cytotoxic  sera  are  usually  hemolytic  as 
well.  It  is  not  easy  to  decide,  therefore,  how  much  of  the  action  upon 
the  oi^ans  is  dup  to  their  true  cytotoxic  properties  and  how  much  is 
attributable  to  the  concomitant  action  upon  blood  cells.  The  extrav- 
agant hopes  at  first  based  upon  cytotoxin  investigation,  especially  b 
regard  to  the  problem  of  malignant  tumors,  have  been  disappointeii, 
and  much  is  still  obscure  in  regard  to  the  cytotoxins  which  calls  for 
further  research. 

The  many  points  of  similarity  existing  between  bacterial  toxins  and 
digestive  ferments,  by  animal  inoculation,  sugget-ted  to  .several  observ- 
ers the  possibility  of  jJroducing  antilxxlies  against  the  latter.  .Aa  a 
result,  a  number  of  antifernients  have  been  obtained,  chief  among  which 
are  antilab  (Morgenroth ') ,  antipepsin  (Sachs ') ,  antisteapsin  (Schutse  *), 
and  antilactasc  (Schiitze). 

The  stimulation  of  antibody  formation  in  the  sera  of  animals  is  a 
consequence,  therefore,  of  the  injection  of  a  lai-ge  variety  of  substances- 
some  of  them  poisonous,  some  of  them  entirely  innocuous.  The  sub- 
stances pofl.sesaing  this  power  have  been  conveniently  named  antigens  or 
anlibodii-produccTS  by  ("Jerman  writers.  The  term  ardigen — though  ety- 
mologically  wrong,  nevertheless  is  convenient  and  has  crept  into  general 
iLsago.  It  signifies  simply  a  substance  which  can  stimulate  the  pro- 
<hn!tiou  or  formation  of  an  antibody.  Such  substances,  so  far  as  is 
known,  belong  to  the  group  of  proteins  and  are  derivatives  of  animal  or 
plant  tissues.  Being  proteins,  all  antigens  are  colloids.  Recently,  how- 
ever, some  crystalloidal  substances  have  Ijeen  described  aa  possessing 
antigenic  properties. 

'  Pearce,  Jour.  Expcr.  Med.,  \'iii,  1906. 

'  Morgenroth.  Cent.  f.  Bakt.,  1899. 

'Sacha,  Fort.  d.  Me.!..  1902. 

•  SchiiUe,  Deut.  med.  Woch.,  1904;  Zeit.  /.  Hyg.,  190S. 
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CHAPTER   XIII 
TOXINS  AND  ANTITOXINS 

The  Tozm-Antitoxin  Reaction. — Apart  from  the  therapeutic  poaai' 
bilities  disclosed  by  the  discovory  of  antitoxins,  new  light  of  inestimable 
value  wag  thrown  \}y  these  observations  upon  the  biological  processes 
involved  in  immunization.  The  most  vital  problem,  of  course,  which 
immediately  thrust  itself  upon  all  workers  in  this  field  was  the  question 
as  to  the  nature  of  the  reaction  in  which  toxin  was  rendered  innocuous 
by  antitoxin. 

The  simplest  conception  of  this  process  would  be  an  actual  destruction 
of  the  toxin_by  its  specific  antitoxin,  and  it  is  not  unnatural,  therefore, 
that  this  was  the  view  which,  for  a  short  time,  found  favor  with  some 
observers.  Roux,  and  more  particularly  Buchncr,'  however,  under  the 
sway  of  cellular  pathology,  advanced  the  opinion  that  the  aatito.\ins 
in  some  way  influencetl  the  tissue  cells,  rendering  them  more  resistant 
against  the  toxins.  Antitoxin,  according  to  this  theory,  did  not  act 
directly  upon  toxin,  but  affected  it  indirectly  through  the  mediation 
of  tissue  cells,  Ehrlich,'  on  the  other  hand,  conceived  that  the  reac- 
tion of  toxin  and  antitoxin  was  a  direct  union,  analogous  to  the  chem- 
ical neutralization  of  an  acid  by  a  base — an  opinion  in  which  Behring 
soon  joined  him. 

^  The  t-oncentinn  of  toxin  flestnictinn  rpr^WoA  imansift-erflhle  refuta- 
tion hy  the  experiment.H  of  nnlmet.fj-/'  This  observer,  working  with  snake 
poison,  found  that  the  poison  itself  {unlike  most  other  toxins)  possessed 
the  property  of  resisting  heat  even  to  100°  C,  while  its  spci'ific  anti- 
toxin, like  other  antitoxins,  was  delicately  thennolabile.  He  noted, 
furthermore,  that  non-toxic  mixtures  of  the  two  substances,  when  sub- 
jerted  to  heat;  regained  their  toxic  properties.  The  natural  inference 
from  these  obsei-vations  could  only  be  that  the  toxin  in  the  original  mix- 
ture had  not  been  destroyed,  but  had  been  merely  inactivatecl  by  the 

'Bvekner,  "  8chutaimpfung,"et<;.,  in  Penzoldt  u.  Stiniing,  "Handbuch  d.  apez. 
Tberap.d.  Infektkrank.,"  1894. 

*Ehrlkh,  Deut.  med.  Wocb.,  1891.        'CabneOe,  Ann.  de  rinrt.  Past.,  18»6. 
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presence  of  the  antitoxin,  and  again  set  free  after  destruction  of  the 
antitoxin  by  heat.  A  similar  observation,  made  60on  after  by  W'aseer- 
mann '  in  the  case  of  pyocyaneus  toxin  and  antitoxin,  fully  supported 
the  results  of  Calmctte. 

An  ingenious  proof  of  the  direct  action  of  antitoxin  upon  toxin 
was  obtained  by  Martin  and  Cherry.'  It  was  found  by  them  that  veiy 
dense  filters,  the  pores  of  which  had  been  filled  with  gelatin,  pennitted 
toxin  to  pass  through  under  high  preasuro,  while  the  presumably  larger 
antitoxin  molecule  was  held  back.  Through  such  filters  they  forced 
toxin-antitoxin  mixtures,  under  a  pressure  of  fifty  atmospheres,  at  vary- 
uig  intervals  after  mixing.  They  found  that,  if  filtered  immediately, 
all  the  toxin  in  the  mixtures  came  through,  but  that,  as  the  interval 
elapsing  between  mixing  and  filtration  was  prolonged,  less  and  leas  toxin 
appeared  in  the  filtrate,  until,  finally,  two  hours  after  mixing,  no  toxin 
whatever  passed  through  the  filter.  Besides  demonstrating  the  direct 
action  of  antitoxin  upon  toxin,  this  work  of  Martin  and  Cherry  showed 
that  the  clement  of  time  entered  into  the  toxin-antitoxin  reaction,  just 
as  it  enters  into  reactions  of  known  chemical  nature.  The  absolut«  non- 
participation  of  the  living  tissue  cells  in  these  reactions  was  demonstrated 
by  Ehrlich  himself.  Kobert  and  Stillmarck '  had  shown  that  ricin  pos- 
sessed the  power  of  causing  the  red  blood  cells  of  defibiinated  blood  to 
agglutinate  in  solid  clumps,  a  reaction  which  could  easily  be  observed 
in  fiiro,  Ehrlich,*  who  had  obtained  antiriciu  in  1891  by  injecting 
rabbits  with  increasing  doses  of  ricin,  found  that  this  antibody  pos- 
Bessed  the  power  of  preventing  the  hemagglutinating  action  of  ricin 
in  the  test  tube.  By  a  series  of  quantitatively  graded  mixtures  of  ricin 
aa<I  antiricin,  with  red  bloo<l  cells  as  the  indicator  for  the  reaction,  he 
succeeded  in  proving  not  only  that  the  toxin-antitoxin  neutralisation 
was  in  no  way  dependent  upon  the  living  animal  body,  but  that  definite 
quantitative  i-elations  existed  between  the  two  substances  entirely 
analogous  to  those  which,  according  to  the  law  of  multiple  proportions, 
govern  reactions  between  different  substances  of  known  chemical 
nature.  Similar  quantitative  results  were  subsequently  obtuned  by 
Stephens  and  Mjers °  for  cobra  poison  and  its  antitoxin,  by  Kosael ' 

'  Wagsermann,  Zeit,  (,  Hyg.,  jtxii,  1896. 

>  MaHin  and  Cherry,  Proc.  Royal  Soc.,  LondoD,  hdil,  18B6. 

'Kobert  und  SliUmarrk.  Arb.  d.  phar,  Inot  Doipat,  188B. 

*  Ehrlich,  Fort.  d.  Med.,  1897. 

» SUphena  and  Mytri.  Jour,  of  Path,  uu}  Paot^  18IML 

•  £oMB^  Bed.  klin.  Woch.,  IS99. 
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f  jr  the  toxic  eel  blood  serum,  and  by  Ehilich '  for  the  hemolytic  tetanus 
poison  knonn  as  tetanol^'sin. 

The  introduction  of  the  test-tube  experiment  into  the  investigation 
of  these  reactions  permitted  of  much  more  exact  observations,  and  by 
this  meana,  as  well  as  by  careful,  quantitatively  graded,  animal  experi- 
ments, the  further  facte  were  ascertained  that  toxin  and  antitoxin  com- 
bined more  speedily  in  concentrated  than  in  dilute  solutions,  and  that 
warmth  hastened,  while  cold  retarded,  the  reaction — obsei-vations  * 
which  in  every  way  seem  to  bear  out  Ehrlich's  conception  of  the  chemi- 
cal nature  of  the  process. 

Biilich's  AnatyalB  of  Diphtheria  Toxin. — Shortly  after  the  discovery 
and  therapeutic  application  of  diphtheria  antitoxin,  it  became  apparent 
that  no  two  sera,  though  similarly  produced,  could  have  exactly  the 
same  protective  value.  It  was  necessary,  therefore,  to  establish  some 
measure  or  standard  by  which  the  approximate  strength  of  a  given  anti- 
toxin could  be  estimated.  VonBehring*  attempted  to  do  this  for 
both  tetanus  and  diphtheria  antitoxins  by  determining  the  quantity  of 
immune  sera  which,  in  each  case,  was  ncedod  to  protect  a  guinea-pig  of 
known  weight  against  a  definite  dose  of  a  standard  poison.  He  ascer- 
tained the  quantity  of  standard  toxin-bouillon  which  would  suffice  to  kill 
a  guinea-pig  of  250  grams,  and  called  this  quantity  the  "toxin  unit." 
This  unit  was  later  more  exactly  limited  by  Ehrlich,  who,  considering 
the  dement  of  time,  stated  it  as  the  quantity  sufficient  to  kill  a  guinea- 
pig  of  the  given  weight  in  from  four  to  five  days. 

Appropriating  the  terminology  of  chemical  titration,  v.  Behring 
spoke  of  a  toxin-bouillon  which  contained  one  hundred  such  toxin  imits 
in  a  cubic  centimeter,  as  a  "normal  toxin  solution  "  ("  DTX'  M'^ '), 
and  designated  as  "  normal  antitoxin  "  a  serum  capable  of  neutraliz- 
in!^,  cubic  centimeter  for  cubic  centimeter,  the  normal  poison.*  A  cubic 
reatimeter  of  such  an  antitoxic  serum  was  sufficient,  therefore,  to  neu- 
tralize one  hundred  toxin  units,  and  was  spoken  of  as  an  "  antitoxin 
unit."  In  the  eKperiments  of  v.  Behring,  toxin  and  antitoxin  had  been 
separately  injected.  Ehrlich  *  improved  upon  this  methoti  by  mixin;; 
to.\in  and  antitoxin  before  injection,  thereby  obviating  errors  arising 

"  EAritcA,  Berl.  klin.  Woch.,  1898. 

•  Krwrr,  Fort.  d.  Me<i. ,  1897. 

•  V.  Behring,  Deut.  med.  Woch.,  1893. 

•DTN'M™dgnifie8:  D;  Diphtheria;  TX',  Normal  Toxhi  solution;  M™,  Meer- 
schweincben  or  guinea-pig  weighing  250  granis. 

»  Ehrlich,  Koud  und  WagSfrmann,  Deut.  med.  Woch.,  1891, 


Digitized  by  GOOJ^Ie 


200  INFECTION  AND  IMMUNITY 

from  differences  which  may  have  existed  in  the  depth  of  injcctioo  or 
rapidity  of  absorption. 

In  order,  however,  that  any  such  method  of  standardization  of  an- 
titoxin may  be  practically  applicable,  it  is  necessarj-  to  produce  either 
a  stable  toxin  or  an  michaitgeable  antitoxin.  This  Ehrlich  achieve<l  for 
antitoxin  by  drj-ing  antitoxic  serum  in  vacuo  and  preserving  it  in  the 
dark,  at  a  low  temperature  and  in  the  presence  of  anhydrous  phosphoric 
acid.  By  the  use  of  such  a  stable  antitoxin,  various  toxins  may  be 
measured  and  other  antitoxic  sera  estimated  against  ihese. 

Gi''eu  thus  a  constant  antitoxin,  the  standardization  of  toxins  would 
be  a  comparati\'ely  simple  matter  were  the  poison  obtainable  in  a  per- 
fectly pure  state.  Unfortunately  for  the  ease  of  measurement,  how- 
ever, this  is  not  the  case.  The  problem  is  rendered  difficult  by  a  number 
of  complicating  factors,  many  of  which  have  been  brought  to  hght  by 
Ehrlich  '  in  his  laborious  researches  into  tiic  quantitative  relationd)^ 
between  the  two  reacting  IxkIIcs. 

As  previously  stated,  it  had  been  noted  by  Ehrlich  and  others  that 
toxin  solutions  would  deteriorate  with  time;   that  is,  a  toxin-bouiUoa 


lyCrtl 

Pm.  56. — Toxin  and  Body  Cell. 

which  was  found  soon  after  pr"''""*'""  '"  rnp^"'"  ""y  i>ifrht\- tm'm 
uiiita  in  each  cubip  priifi'"" "*■"•!  ""Illld  '^^'''''  *'"'"•  ""^  ^^'^  p^onths,  he  found 
to  contain  but  forty  unita  in  the  same  gross  quantity.  It  had  lost,  there- 
fore, m  this  case,  just  one-li«lf  of  its  toxic  power.  In  spite  of  this  loss, 
however,  Ehrlich  found  that  such  bouillon  harl  lY-tairHHl  ijj)  fi|ll  original 
power  of  neutralizing  antitoxin.  If  the  n'action  was  purely  one  of 
c he mical  ncutriiliy.utinu.  there  scniied  to. he  but  one  explanation  ot  thT? 


The  toxin  molecule  must  fonlaJn  ^wo  souarate' atom  groups.     One  cd 
these  must  pos.ses.-i  the  piiwer  of  binding  i\ntitoxin  and  be  stable;  wis 


I  Khrlich.  Klin.  Jahrbueh.  vi,  1807:  Deut.  med.  Woch.,  1898. 

Digitized  by  GoOJ^Ie 


TOXINS  AND  ANTITOXINS  207 

he  designates  aa  the  "  haptophore  "  or  "anchoring"  yronp.     The  other^if"^!**** 

the  one  by  which  the  ioxin  molecule  exerts  its  deleterious  action,  must 

1^  more  eafiilv  changed  or  deatrovcil:  thia  he  calls  the  "toxophore"  totap^t^ 

or  "  Dpy^Ti  "  grP"p  *  ^"  the  altered  toxin-bouillon  m  which  a  part  of 

the  poisonous  action  has  been  lost  while  the  antitoxin-neutralizing  power 

is  intact,  the  toxophore  groun  of  some  of  the  toxin  must  have  been 

phftngf>d  (ir  dtjflt.roved.     Such  altered  toxin  he  speaks  of  aa  "toxoid."        Tokm.^ 

In  support  of  this  hypothesis  and  for  the  purpose  of  perfecting  the 
methods  of  standardization,  Ehriich  was  led  to  determine,  for  a  lai^ 
variety  of  specimens  of  diphtheria  toxin,  the  precise  quantity,  in 
cubic  centimeters,  which  was  necessary  to  neutralize  exactly  one  unit 
of  his  standard  antitoxin.  This  he  accomplishefl  by  making  a  series  of 
toxin-antitoxin  mLxtures,  in  each  of  which  the  quantity  of  antitoxin 
was  exactly  one  unit,  while  the  amount  of  toxin  was  gradually  increased. 
These  mixtures  were  injected  into  guinea-pigs  of  2."iO  gram.s  weight. 
It  is  self-evident  that  in  such  an  experimi^nt  the  mixtures  containinS 
the  smaller  quantities  of  toxin  would  have  no  effect  ujjon  th((  guinoa- 
piga.  Soon,  however,  a  mixture  would  be  reache<l  in  which  toxin  wouI<l 
be  flufliciently  in  excess  of  antitoxin  to  produce  the  symptoms  of  slight 
poisoning,  as  evidenced  in  local  e<lema,  rise  of  temperature,  etc.  The 
largest  Quantity  of  toxin  which  could  be  added  without  nrotlucinpi  such 
symptoms  was  then  regarded  as  exactly  neutralizing  one  antitoxin  unit. 
"his  qu&lllltyul  toxm  Khrlich  aiieaka  of  as  "Limes  zero"  (Limefl=  • 
threshold)  or.  bneflv.  "U.." 

For  instance: 

One  Antitojdii  unit  +  0.6  c.c.  tniin No  syraptome  of  poisoning. 

' 0.8  C.C 

0.9  C.C " 

-^ ' *■   "■< ."    .  "  "        "  .   „„  .         Tf 

"  "  "  1.1  C.C Ix>ral  Pdema.    Paralysis  in  lid  days,     "'O 

"  "         '*         1.2  C.C  Dealhin  10  days. 

In  thia  example,  I^,  therefore,  equals  1  c.c. 

It  is  obvious,  however,  that  because  of  the  great  difficulty  In  esti- 
mating the  very  slightest  evidences  of  toxic  action  in  guinea-pigs,  a 
more  exact  method  of  standardizing  the  poisons  against  antitoxin 
would  be  to  determine  how  much  toxin  would  be  required  to  neu- 
tralize one  antitoxin  unit  and  still  be  sufficiently  in  excess  to  cause 
the  death  of  a  guinea-pig  of  250  grams  in  four  to  five  days .  This  would 
then  correspond  to  the  action  of  one  toxin  unit,  unmixed  with  antitoxin. 
A  priori  it  would  seem  that  this  value  (expressed  by  Ehriich  as  "  Limes 
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death  "  or  "  L+)  must  simply  be  L^  plua  one  toxin  unit.  This,  however, 
was  found  not  to  be  the  case.  Thus,  in  the  example  given,  in  which  T 
(the  toxin  unit — the  quantity  of  the  bouillon  killing  a  guinea-pig  of  2-JO 
grams  in  four  to  five  days)  waa  equal  to  O.Olc.c,  L,,  (the  quantity  of 
toxin  completely  neutralizing  one  antitoxin  unit)  was  found  to  be  1  c.c. 
or  100  T,  In  this  same  poison,  however,  L^.  (the  quantity  of  toxin  neces- 
sary both  to  neutralize  one  antitoxin  unit  and  yet  to  be  sufficiently  m 
excess  of  neutrali7,ation  to  kill  a  guinea-pig  of  250  grams  in  four  or  five 
days)  was  not  found  to  be  merely  L^  +  1  T;  but  on  actual  experi- 
ment proved  to  be  L^  -I-  101  T. 

Expressed  graphically,  the  conditions  may  be  stated  as  follows: 

T~  .01  C.C.  of  the  toxin  bouillon. 

L  +  (neutral,  of  1  antitox.  unit  yet  killing  1  pig)  =  2.01  c.c.  or  201  T. 

Lo    (complete  neutral,  of  I  antitox.  unit)  =  1.      c.c.  or  100  T. 

Difference  -  l.Ol  c.c.  or  101  T. 

Ehrlich,  at  first,  endeavored  to  explain  this  surprising  phenomenon 
on  the  basis  of  toxoids.  He  argued  that  the  toxoids  formed  by  de- 
terioration of  toxin  might  be  conceived  as  possessing  three  different 
degrees  of  affinity  for  antitoxin.  If  their  afRnity  for  antitoxin  were 
equal  to,  or  more  marked  than,  that  of  the  toxin  itself,  they  could  have 
no  iiifluen(te  upon  the  dose  L^  ,  If,  however,  their  affinity  for  antitoxin 
were  weaker  than  that  of  toXin,  each  fresh  toxin  unit  added  to  the  dose 
Lq  would,  first  uniting  with  antitoxin,  replace  a  corresponding  quan- 
tity of  the.se  nontoxic  substances  of  weaker  affinity,  and  L+  would 
be  reached  only  after  all  of  these  "epitoxoids,"  as  Ehrlicli  called  them, 
had  been  replaced,  and  toxin  became  free  in  the  mixture. 
Thus,  in  analyzing  our  example,  we  have: 

100   tox, -antitox,  +  100  epitox, -antitox,  =  L,,  ; 
ailil   1  T,  and  we  have  101  los .-antitox.  +  99  epitoxoid-anti toxin  +  1  epitoxoid  free: 
add  101  Tand  we  have  200  toxin-antitoxin  -|-  100  epitoxoid  free  +IT  free  =  £+. 

Two  facta,  however,  led  Ehrlich  to  abandon  the  opinion  that  epi- 
toxoi<l  was  merely  a  variety  of  toxoid.  He  found,  in  the  first  place, 
that  the  stated  relations  between  L^  and  L^.  were  true  for  perfectly, 
fresh  toxin-bouillon  in  which  httle  or  no  deterioration  had  taken  place. 
He  observed,  furthermore,  that  in  old,  altered  toxin  botiillon,  while 
T  waa  very  much  affected,  the  quantity  need<'d  to  kill  a  pig  con- 
Btantly  increasing,  and   the  number  of   actual  fatal  doses  in  L„  con- 
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Btantly  decreasing    (by    reason  of    toxoid  formation),  L^.   remained 
practically  unchanged. 

Simply  stated,  this  meana  that  the  epitoxoids  or  substaneea  which 
have  weaker  affinitY  for  antitoxin  than  toxin  itself  are  alrcgdy  present 
in  fresh  bouillon  and  are  not  increased  with  time.  For  this  reaaon, 
Efarlich  has  separated  thesesubBtancea  from  toxoids."  He  calls  them  "  tox- 
on"  and  believes  them  to  be,  hke  toxin,  primary  secretory  protlucts  of 
tbe  diphtheria  bacilli.  The  toxoids  themselves,  Ehrlich  believes,  are  of 
two  kinds,  those  with  a  stronger  affinity  for  antitoxin  than  toxin  it- 
self (protoxoids) ,  and  those  whose  affinity  for  antitoxin  ia  equal  to  that 
of  toxin.    These  latter  he  calls  "  syntoxoids." 

The  toxon  (epitoxoid  originally),  as  Ehrlich  believes,  has  a  hapto- 
phore  or  "binding"  group  similar  to  that  of  toxin,  but  a  different 
toxophore  or  "poisoning"-  group.  Qualitatively  it  has  been  shown 
to  differ  from  toxin  in  that,  lacking  the  power  to  produce  acMle  symp- 
toms, it  causes  gradual  emaciation  and  paresis  in  animals. 

That  this  difference  in  the  poisonous  action  of  toxin  and  toxon 
is  not  merely  a  quantitative  difference,  referable  to  smalt  quantities  of 
toxin,  was  proved  by  Dreyer  and  Madsen,'  who  showed  that  if  they  made 
a  toxin-antitoxin  mixture  in  which  after  injection  the  only  evidence  of 
incomplete  neutralization  lay  in  the  emaciation  and  final  paralyse  of 
the  test  animals,  the  quantity  of  such  a  mixture  could  be  increased 
five-  and  tenfold,  without  producing  the  true  toxin  symptoms  in  ani- 
mals. These  authors,  too,  claim  to  have  been  able  to  immunize  against 
toxin  with  such  mixtures,  thereby  proving  the  identity  of  the  haptophore 
groups  of  the  two  substances.  The  importance  of  this  observation  will 
become  more  evident  in  connection  with  the  section  on  the  "side- 
chain  theory."  lu  ekm^tv%t*^ 

Methoii  of  PARTrtr,  ABanBPTinv  r^v  Tuviv  — Fhrlii-l.  '  has  gathered 
more  exact  data  in  support  of  his  views  from  what  he  terms  the  "  Method 
of  Partial  Absorption  "  of  toxin  by  antitoxin. 

In  order  to  understand  this  method  clearly,  it  is  necessary  to  re- 
member that  Ehrlich '  believes  the  union  nf  frfivin  with  iint.itjivin  t.n 
take  place  according  to  the  chemical  laws  of  valencv.  Just  as  in  HjO  . 
oxygen  has  an  atomic  valency  of  2  for  hy<lrogen,  so,  in  the  fully 
neutralized  toxin-antitoxin  compound,  he  believes  antitoxin  to  have  a 


'  Dreyer  und,Mod»en,  Zeit.  f.  Hyg..  xxivii.  IflOl. 

'  EAHuA,  "GpsamrtLRlte  Arl>ei(«n  zur  [mmiinitUtiiforEcli.,"  Berlin,  1904. 

'  Ehrlieh.  Deut,  med.  Woch.,  1898. 
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vftleDcv  of  200  for  toxin.  It  would  rRguira^  according  to  this.  200  T 
or  Invin  mnlppiiW  tn  Bftt.isfv  the,  fiffin^^jpji  pf  one  antitoxin  molecule.'  ^ 

This  belief  in  baaed  upon  the  following  consideration:  In  determiuiui 
the  Lq  doso,  oi^  fully  neutrahzed  toxin-antitoxin  union,  Elirlich,  as  well 
as  Ma<lscn,  found  that  the  number  of  T  units  contained  in  such  a 
dose  was  almost  regularly  a  factor  of  one  hundred,  recurring  again 
and  ajrain  as  2'),  33,  50, 75,  etc.  This  pointed  to  more  or  leas  regularity 
in  the  deterioration  of  toxin  into  toxoid,  and  to  a  more  or  leas  regular 
relation  of  toxin  to  toxon.  Now,  as  wc  havn  seen  before,  if  we  could 
procure  a  perfectly  pure  toxin,  the  Ijq  dose  plus  one  toxin  unit  would 
give  us  the  L^.  dose;  that  is,  one  to.vin  unit  in  excess  of  full  neutraliza- 
tion would  suffice  to  kill  a  guinea-pig  of  250  grams  in  four  to  &w.  days. 
Since  a  perfectly  pure  toxin,  however,  hna  not  been  obtainable  up  to  the 
present  time,  it  is  clear  that  the  number  of  pure  toxin  Imndti  contained 
in  L_^  must  be  less  than  the  actual  number  of  neutralizing  units  in  the 
combination,  a  part  of  the  antitoxin  being  bound  by  toxon  and  toxoid. 
The  actual  values  obtained  for  the  number  of  T  units  in  L.^.  has 
never  exceeded  200,  and  has  usually  been  more  than  100,  the  highest 
value  asoertainetl  by  Madsen  being  160.  Given,  therefore,  a  combining 
vjiluc  which,  being  a  multiple  of  one  hun<tn;d,  is  often  more  than  one 
hundred,  but  in  an  obviously  impure  state  has  never  reached  200,  it  is 
most  likely  that  200  represents  the  a<'tual  value  sought  for. 

As.'suming,  therefore,  upon  the  foregoing  considerations,  that  the 
valency  of  antitoxin  for  toxin  is  200,  Ehrlich  carries  out  his  experi- 
ments in  the  following  way: 

Given  a  toxin,  the  unit  (T)  of  which  is  0.024  c.c,  he  first  deter- 
mines the  L+  dose  which,  tested  against  the  standard  antitoxin  unit,  in 
this  case  is  2.05  c.c.  But  2.05  c.c.  =  85  T.  (or  2.05  -s-  .024)  units. 
By  mixing  the  L^  dose  of  toxin  and  antitoxin  in  such  a  way  that  the 
({Uantity  of  antitoxin  is  gradually  increased,  while  the  toxin  remains 
always  L.^,  anti  determining  upon  anlmabi  the  amount  of  free  toxin 
contained  in  eai^h  mixture,  the  following  table  may  be  constructed:' 

0  antitoK.  unit  representing      0  valencies +  L+  —  85    free  T  units. 
.1       •'         "  "  20       "        +L+  -35      '■     "     " 

.25     "         "  "  SO       "       +1+.  -  60     "     "     '■ 

,8       "  "  "  ItM)       "       +1,4.  =  10     "     "    " 

.9       "         "  "  180       "       +L+  =    3.5"     "    " 


I  Ehrlich,  "  Schlussbelrachtunf^n,"  Nothnafcel's  System. 
'  Example  taken  fntm  F.hrHch.  l)eul.  nieii.  Woch.,  1898. 
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It  is  plain  that  the  substances  with  the  strongest  affinity  for  antitoxin 
must  be  bound  first  by  the  antitoxin,  This  does  not  diminish  the  toxic 
value  of  the  mixture;  and  these  are  the  protoxoids.  Next  are  bound 
syntoxoids  and  toxins,  and,  finally,  the  toxons.  It  is  plain  that,  by 
this  method,  the  constitution  of  any  given  toxin  may  be  ascertained, 
and  Ehrlich  has  constructed,  on  the  basis  of  these  observations,  what  he 
terms  his  toxin  spectrum.  Minor  differences  of  toxicity  and  affinity  for 
the  antibody  have  caused  him,  by  the  partial  saturation  method  de- 
acribed, still  further  to  divide  toxin  into  proto-,  deutero-,  and  trito-toxin. 
Hb  spectra  graphically  describe  the  constitution  of  any  given  toxic 
bouillon  and  trace  its  deterioration  as  follows: 


J>^J. 


Ehrlich's  opinion  as  to  the  constitution  of  toxin   is  by  no  means 
hilly  accepted.     Arrheniua/  the  great  physical  chemist,  and  Madsen, 


MrrieniMuiu)J/«u'Kn,Ze)t-f-phyaik.Chen).,I9D2;  Festschrift,  Kopenhogen,  1002. 
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a  bacteriologist  who  was  once  a  pupil  of  Ehrlich,  have  recently  opposed 
Ehrlich'a  theory  on  grounds  of  physical  chemistry. 

Modem  theories,  of  solution  maintain  that  substances  in  solution 
are  broken  up  into  their  atoms  or  atom-groups,  known  as  ions.'  Thus, 
NaCl  in  aohition  would  be  "dissociated"  into  its  Na  ion  and  ita  CI  ion, 
the  completeness  of  the  dissociation  dnpcnding  upon  the  concentra- 
tion of  the  solution.  A  solution  of  NaCl,  therefore,  contains,  according 
to  this  view,  three  substances,  NaCl  undissociated  and  free  ions  of  Na 
and  CI,  the  relative  quantities  of  the  three  present  in  any  given  solution 
being  calculable,  and  de|)end  upon  a  law  known  as  the  law  of  mass- 
action  of  Guldbcrg  and  Waage.  These  free  ions  are  the  elements,  there- 
fore, which  are  active  in  the  formation  of  further  chemical  combination. 
When  a  strong  acid,  in  solution,  acts  upon  a  base,  say  HCl  upon  am- 
monia (NHj),  strong  a(ud  having  the  property  of  quite  complete  dis- 
sociation in  relatively  con  cent  ratted  solutions,  little  or  no  ammonia 
would  remain  unbound.  A  weak  acid,  like  boric  acid,  however,  not  being 
as  completely  disflociate*!,  would  leave  some  ammonia  uncombined  even 
after  more  than  quantitatively  sufficient  boric  acid  had  been  atldcd. 
Arrhenius  and  Madsen,  on  the  basis  of  careful  researches  into  the  re- 
action between  tetanolysin  and  its  antibody,  believe  that  toxin  and  anti- 
toxin possess  weak  chemical  avidity  for  each  other,  their  interaction 
being  comparable  to  that  taking  place  between  a  weak  acid  and  a  base. 
Toxin -antitoxin  solutions,  therefore,  would  contain  the  neutral  com- 
pound, but  at  the  same  time  uncombined  toxin  and  antitoxin.  The 
qualities  which  Ehrlich  ascribes  to  toxon,  they  believe,  are  due  to 
the  unbound  toxin  present  in  such  mixtures.  In  careful  studios 
in  which  they  inhibited  the  hemolytic  action  of  ammonia  by  gradual 
addition  of  boric  acid,  they  were  able  to  show  complete  parallelism 
between  the  conditions  governing  this  neutralization  and  those  con- 
cerned in  their  tetanus  experiments.  Their  explanation  has  the 
advantage  of  extreme  simplicity  over  that  of  Ehrlich,  but  since  the 
differences  of  opinion  are  now  the  subject  of  active  experimental 
controversy,  a  critical  discussion  must  rest  until  further  Facts  are 
revealed. 

The  Side-Ohain  Theoiy. — We  have  seen  that  the  extensive  researches 
of  Ehrlich  into  the  nature  of  the  toxin-antitoxin  reaction  led  him  to 
believe  that  the  two  bodies  underwent  chemical  union,  forming  a  neu- 
tral compound.  The  strictly  specific  character  of  such  reactions,  further- 
more, diphtheria  antitoxin  binding  only  diphtheria  toxin,  tetanus 
antitoxin  only  tetanus  toxin,  etc.,  led  him  to' assume  that  the  chemical 
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affinity  between  each  antibody  and  its  respective  antigen  depended 
upon  definite  atom  groups  contained  in  each. 

Ehrlich  '  had,  in  1885,  published  a  treatise  in  which  he  discussed 
the  manner  of  cell-nutrition  and  advanced  the  opinion  that  in  order  to 
nourish  a  ceil,  the  nutritive  substance  must  enter  directly  into  chemical 
combination  with  some  elements  of  the  cell  protoplasm.  The  great 
number  and  variety  of  chemical  substances  which  act  as  nutriment  led 
him  to  believe  that  the  highly  complex  protoplasmic  molecules  of 
cells  were  made  up  of  a  central  atom-group  (Leistungs-Kerh)  upon 
which  depended  the  specialized  activities  of  the  cell,  and  a' roiilti- 
plicity  of  side  chains  (a  term  borrowed  from  the  chemistry  of.  the 
benzol  group),  by  means  of  which  the  cell  entered  into  chemical  relation 
with  food  and  other  substances  brought  to  it  by  the  circulation.  If 
we  illustrate  graphically  by  the  chemical  conception  from  which,  the 
term  side  chain  was  borrowed,  in  salicylic  acid,  the  formula  given,  the 


^ 


H— C       C— COOH. 
H— C       C— H 

y 

'    I- 

H 
bsnzol  ring  represents  the  "  Leistungs-Kem,"  or  radicle,  while  OOOH 
and  OH  are  side  chains  by  means  of  which  a  variety  of  other  substances 
may  be  brought  into  relation  with  the  "radicle,"  for  instance,  as  in 
methvl  salicylate.  /\        t         t      '      ' 

-      Mt-f^  co,CH.    ^^caprUrs, 

Just  as  nutritious  substances  are  thus  brought  into  workable  re- 
lation with  the  cell  by  means  of  the  atom-groups  corresponding  to  side 
chains,  so  Ehrlich  believes  toxins  exert  their  deleterious  action  only 
because  the  cells  possess  side  chains  by  means  of  which  the  toxin  can  be 
chemically  bound.  These  side  chains,  .Ehrlich  in  his  later  work  calls 
"  receptors.".    The  receptoiTi  or  side  chiiina  present  in  the  cells  and 

>  Ehrlich,  '■  Daa  Saueretoffbeciiirfniss  (Im  Organismus."  Berlin,  1885. 
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possessing  by  chance  specific  aflanity  for  a  given  toxJo,  arc,  by  their 
union  with  toxin,  rendered  useless  for  their  nonnal  physiological  func- 
tion. By  the  nornial  reparative  mechanism  of  the  body  ttieae  rece^ 
tors  are  probably  cast  off  and  regenerated.  He^enerative  processes  oT 
tj...  K/triy  ([nwpvpr,  do  not,  as  a  rule,  stop  at  simple  replacement  of  lost 
elements,  but,  accordipg  to  the  hYpothe<f'''j  "f  Wpi;rprt,.'  ysgallv  tend  to 
^^TcmnDe^^ligftj,  The  receptors  climinat«<l 
■  Toj^iiv  by  toxin  absorption  are  not,  therefore,  simply 

reproduced  iu  the  same  quantity  in  which 
they  are  lost,  but  are  reproduced  in  excess  of 
■  -Aniiloxin    the  simple  physiolc^cal  needs  <)f  the  cell. 
Continuous  and  increasing  dosage  with  the 
poison,    consequently,   soon    leads    to    such 
Fro.  56.— Toxin  and        excessive  production  of   the    particular   re- 
AvrrroxiN.  ceptive  atom-groups  that  the  cells  involved 

in  the  process  become  overstocked  and  cast 
them  off  to  circulate  freely  in  the  blooil.  These  freely  circulating  re- 
ceptors—atom-groups with  specific  affinity  for  the  toxin^  used  in  their 
production — represent  the  antitoxins.  These,  by  uniting  with  the 
poison  before  it  can  reach  the  sensitive  cells,  prevent  its  deleterious 
action.     (Fig.  56.) 

The  theory  of  Ehrlich,  in  brief,  then,  depends  upon  the  assumptions 
that  toxin  and  antitoxin  enter  into  chemical  union,  that  each  toxin 
posaesses  a  specific  atom-group  by  means  of  which  it  is  bound  to  a  pre- 
existing side  chain  of  the  affected  cell,  and  that  these  side  chains,  in  ac- 
cordance with  Weigert's  law,  under  the  influence  of  repeatrd  toxin  stimu- 
lation, are  eventually  overproduced  and  cast  off  by  the  cell  into  the 
circulation. 

It  stands  to  reason  that  this  theoretical  conception  woulil  be  va.st!y 
strengthened  were  it  possible  to  show  that  such  receptors  or  toxin- 
binding  atom-groups  actually  pre-existed  in  the  animal  bodj',  and  such 
support  was  indeed  given  by  the  experiments  of  Wassermann  and  Taka- 
ki.'  These  observers  succeeded  in  showing  that  tetanus  toxin  could  be 
rendered  innocuous  if,  before  injection  into  animals,  it  was  thoroughly 
mixed  with  a  sufficient  quantity  of  the  fresh  brain  substance  of  guinea- 
pigs.    Similar  observations  were  independently  made  by  Asakawa,"  and 


>  Wcigeji.  Verhandl.  d.  Ges.  Deutaeh.  Natiirf.  u.  Aerate,  Frankfurt,  1833. 
»  WasMTmonn  und  Takaki.  Beri.  Win.  Woch.,  1898. 
i  AsaJiau-a.  Cent.  t.  Bakl,,  1898. 
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variously  confinned.  Kempner  and  Schepilewaky  '  showed  a  simitar 
relation  to  exist  between  brain  tissue  and  botulismus  toxin,  and  Myers ' 
brought  proof  of  analogous  conditions  in  the  case  of  suprarenal  tissue 
and  cobra  poison. 

In  the  discuaaion  of  Ehrlich's  toxin  analysis,  we  have  seen  that  hei 


accounted  for  variations  in  the  quantitative  relations  by  the  existence! 
nf  f^vnlila  And  f/iyn^)|^  He  explained  the  striking  fact  that  toxoids  had 
lost  their  poisonous  nature  and  yet  retained  full  powers  to  neutralize 


antitoxin  by  the  assumption  that  toxin  was  made  up  of  two  separate 


K 


atom-groups:   one,  the  haptophore  group  which  possessed  the  specific 
affinity  for  the  antitoxin  or  cell  receptor;    the  other,  the  toxophore 
group  by  means  of  which  the  actually  harmful  etTects  were  produced. 
The  haptophoPR  grouna  nf  all  three  of  these  substances,  t'j'-ii',  tnxnJd, 
and  toxon^  by  virtue  of  their  antitoxin -binding  power,  he  a^gunied  to  be  I 
.alike ; ■  in  toxoid,  the  toxophore  group  has  been  destroj'ed  or  altered;.! 
in  toxon^  the  to\-nplinii»  ymnp  ii  qi[]^lit,!it,ivelv  dilTen-nt  from  that  of  I 
toxin.    The  haptophore  sronp,  however,  being  alone  concerned  in  neu- 1 
tralizing  receptors,  all  three  of  these  substancca  should,  if  P>hrlich'sl 
theory'  is  to  be  tenable,  produce  antitoxin.     Drcyer  and  Madscn,"  ac-I 
cordingly,  actually  succeeded  in  producing  diphtheria  antitoxin  by  im-jj 
munization  with  toxon.     Attempts  to  produce  antitoxin  with  toxoiilaj/ 
have  succeeded  in  the  hands  of  I'^hrlich  and  others.    Such  experimenttw 
have  not,  however,  boon  always  sucie.-wful,  a  notable  failure  being  that! 
of  Brack,*    On  the  basis  of  such  negative  i-esults  the  theory  was  advanced^ 
by  AVassermann  that  overptwluction  of  ret^ppt^rs  was  stimulated  byjl 
the  irritation  (Zellreisf)  produced  by  the  toxophore  group — a  stimida-J| 
UoR  not  present  in  the  case  of  toxoids. 


■  Kemfmcr  und  SchepUeictkg,  Zeit.  f.  Hy^.,  1S98. 

■  M(/fr«,  Cent.  t.  Bakt.,  i.  1899.  • />rei/«- und  .Wnrfsen,  Zrit.  f.  Uyg.,  1901, 
•  Brudc,  Zeit.  f.  Hyg.,  1904. 
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CHAPTER    XIV 
PBODUCriON  AND  TESTING  OF  ANTITOXINS 
DIPHTHEKU.  IHTITOZIH 

In  Bpite  of  the  great  advances  in  our  theoretical  knowledge  of  anti- 
bodies, gained  during  the  last  three  decades,  extensive  therapeutic 
application  has  been  made  of  the  antitoxins  only.  Pre-eminent  among 
these  from  a  practical  point  of  view  are  the  antitoxins  against  diphtheria 
and  tetanus  toxin.  For  diphtheria,  careful  statistical  studies  have 
•demonstrated,  beyond  doubt,  the  therapeutic  value  of  the  serum 
treatment.  Biggs  and  Guerai>J,  in  a  genenil  statistical  review,  ar- 
rived at  the  conclusion  that  the  death  rate  of  diphtheria  had  been  re- 
duced fifty  per  cent  by  the  use  of  antitoxin.  Approximately  the  same 
estigiate  is  made  by  Dieudount: '  who  studied  almost  10,000  treated  cases, 

Prodnction  of  Diphthsria  Antitoxin. —The  methods  for  producing 
diphtheria  antitoxin  vary  only  in  minor  technical  details.  The  first 
requisite  for  successful  antitoxin  production  is  the  possession  of  a  strong 
toxin.  The  various  means  of  obtaining  this  arc  outlined  in  the  section 
on  diphtheria  toxin.  The  toxin  used  should  be  of  such  potency  that 
less  than  0.01.  cc.  will  kill  a  guinea-pig  of  250  grams  weight  in  four 
to  five  days.' 

For  experimental  purposes,  goats  or  sheep  may  be  used  for  immuniia- 
tion;  for  antitoxin  production  on  a  large  scale,  horses  have  been  found 
to  be  the  most  useful  animals.  The  horses  should  be  young,  four  to 
six  years  old^  virorrma  und  hpalthv  It  is  advisable  that  they  be  sub- 
jectcd  to  the  mallein  test  to  exclude  possible  infection  with  glanders. 

The  toxin  injections  arc  made  subcutaneoualy.  Because  of  the  dif- 
ferences in  susceptibility  noted  in  various  horses,  it  is  advisable  that  the 
first  doses  of  toxin  should  be  either  very  small  or  weakened  by  chemieaLt 
or  heat,  or  combined  with  antitoxin.  In  the  Pasteur  Institute  in  Paris, 
the  small  initial  dost;  of  toxin  ^0.5  c.c.l  is  mixed  before  injection  with 
an  equal  quantity  of  Lugol's  solution  (iod in- potassium  iodid  solution). 

>  Dieudoniti,  Arb.  a.  d.  knis.  Gesiindheitsamt,  1895  and  1897. 
'Park,  "  Pathog.  Bacteria  and  Protozoa,"  N.  Y.,  1908. 
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Park '  advises  an  initial  dose  of  5,000  toxin  unite  (about  20  c.c.  of 
tona)  combined  with  100  unite  of  antitoxin.  The  same  amount  is  (pven 
with  the  second  and  third  doses  of  toxin.  The  intervals  are  from  five 
days  to  a  week,  determined  by  complete  subsidence  of  the  reaction  (tem- 
perature). The  doQfs  are  increased  until,  at  the  end  of  two  or  three 
months,  more  than  ten  times  the  original  dose  is  given  {50,000  unite). 

Horses  vary  greatly  in  the  strength  of  antitoxin  which  they  will  pro- 
duce. At  the  end  of  three  or  four  months  in  favorable  animals  one 
cubic  centimeter  of  serum  may  contaia  250  to  800  antitoxin  unite.  Fur- 
ther immunization  will  often  increase  the  antitoxin  output  to  1,000  and 
more  unite  to  the  cubic  centimeter  of  serum.  Park  states  that  none  of 
the  horses  used  by  hun  has  ever  yielded  2,000  imite  to  the  cubic  centi- 
meter. The  same  writer  advises  a  thpn;  mnjitlm'  porinH  nf  wmt.  fmm 
immunization  at  the  end  of  pvpry  ninp  mnntlia.  Given  such  resting 
periods,  some  horses  have  contmued  to  furnish  h^-grade  antitoxin  for 
from  two  to  four  years. 

In  order  to  obtain  serum  from  horses,  a  sharp  cannula  is  introduced 
into  the  jugular  veini  After  leading  the  horse  into  s  specially  con- 
structed stall,  ite  head  is  slightly  deflected  and  pressure  is  made  upon  the 
jugular  vein  below  the  point  into  which  the  needle  is  to  be  plunged. 
Compression  can  also  be  made  by  surrounding  the  neck  of  the  horse  close 
to  the  shoulders  with  a  leather  strap  over  a  pad  laid  directly  upon 
the  vem.  The  vein  becomes  visible  aiong  the  lower  margin  of  the  neck 
b  a  line  running  from  the  ai^e  of  the  jaw  to  the  edge  of  the  scapula. 
The  skin,  of  course,  is  previously  shaved  and  sterilized.  The  cannula 
is  then  plunged  into  the  vein,  either  with  or  without  previous  incision 
through  the  skin,  and,  through  a  sterile  rubber  tube,  the  blood  is  al- 
lowed to  flow  into  high  glass  cylinders  or  slanted  Erienmeyer  flasks. 
In  this  way,  large  quantities  of  blood  may  be  obtained  and,  according 
to  Krete,*  as  much  as  six  liters  mav  he  token  at  a  time  at  intervala  n( 
a  month,  without  injuring  the  animal.  Ligature  of  the  vein  after 
bleeding  is  unnecessary. 

The  cyhnders  and  flasks  are  allowed  to  stand  for  two  or  three  days 
at  or  below  10°  C  At  the  end  of  this  time,  the  serum  may  be  pipetted 
or  siphoned  away  from  the  clot  and  stored  in  the  refrigerator.  In  order 
to  diminish  the  chances  of  contamination,  five-tenths  per  cent  of  car- 
bolic acid  or  four-tenths  per  cent  of  tri-cresol  may  be  added. 

'  Park,  loc.  cit.,  p.  212. 

'KreU,  in  "Handb.  der  Techn.  u.  Meth.  d.  Immun.,"  KrauB&nd  Levaditi,  vol.  ii, 
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Antitoxin  is  fairly  stable  and  if  kept  in  a  cool,  dark  place,  may  re- 
main active,  with  but  sl^t  deterioration,  for  as  long  as  a  year.  Kept 
in  a  dry  state,  m  vacuo,  over  anhydrous  phosphoric  acid,  by  the  method 
of  Ehrlich,  it  retains  its  strength  indefinitely. 

_8ta^^^^"^^«**iftIll — Antitoxin  unitx  hriny  mpasiiBRd  in  terms  of  toxin. 
»nifftrpiitv  of  measurement  n^npffsitjitj^  ftip  pp~.^°^;^»  hy  ti.o  ,.,,r;„„q 
Iftlv^rfttjirjes  of  a  uniform  toxin.  Antitoxin  being  more  stable  than 
toxin,  jmifomiity  of  toxin  is  ohtainpd  hy  Tneans  of  a  standard  antitoxin 
distributed  from  a  central  laix>ratory.  This  was  first  done  by  Ehrlich 
in  Germany,  and  is  now  done  for  the  United  States  by  the  Public  Health 
and  Marine  Hospital  Service  laboratories.  Bottles  of  the  distributed 
antitoxin  are  marked  with  the  number  of  units  contained  in  each  c.c. 
Dilutions  of  this,  are  mixed  with  varying  quantities  of  the  toxin  to  be 
tested,  the  mixtures  are  allowed  to  stand  for  15  minutes  to  permit  union 
of  the  two  elements,  and  injections  into  guinea-pigs  of  250  grams  weight 
are  made.  Thus  the  L+  dose  of  the  toxin  is  determined.  (The  L+  dose 
(p.  208)  is  the  quantity  of  poison  not  only  sufficient  to  neutralize  one 
antitoxin  unit,'  but  to  contain  an  excess  beyond  this  sufficient  to  kill  a. 
guinea-pig  of  250  grams  in  4  to  5  days.  L+  is  chosen  rather  than  Lq,  the 
simple  neutralizii^  dose,  because  of  the  difference  between  toxins  in 
their  contents  of  toxoid  and  toxon.*) 

The  L+  dose  of  the  toxin  having  thus  been  determined,  this  quantity 
is  mixed  with  varying  dilutions  of  the  unknown  antitoxin.*  Thus,  given 
an  antitoxin  in  which  300  to  400  units  to  the  c.c,  are  suspected,  dilutions 
of  1  :  200,  1  :  250,  1  ;  300,  etc.,  arc  made.  One  c.c.  of  each  of  these  is 
mixed  with  the  L+  dose  of  the  toxin,  and  the  mixtures  are  injected  into 
guinea-pigs  of  alreut  250  grams.  If  the  guinea-pig  receiving  L+  plus 
the  I  :  250  dilution  lives  and  tlie  one  receiving  L+  plus  the  I  :  300  dilu- 
tion dies  in  the  given  time,  we  know  that  the  unit  sought  must  lie  be- 
tween these  two  values,  and  further  similar  experiments  will  easily 
limit  it  more  exactly.     The  possibility  of  error  in  carrying  out  such 


'  Hk  older  definition  of  a.  unit  (A  diphtherial  antitoxin  is  the  quantity  of  anti- 
toxin  sufficient  to  protect  a  guinea-pig  of  250  granw  against  100  timea  the  fatal  doee 
of  diphtheria  toxin.  This,  however,  holds  tnie  only  if  we  are  dealing  with  normal 
toxiits  and  antitoxins  as  at  first  devised  by  Behring.  In  the  conditions  under  which 
the  meAsuremcnts  are  made  at  present,  however,  this  definition  must  be  revised  as 
follows:  A  unit  ot  antitoxin  is  that  amount  of  antitoxin  which  will  save  the  life  of  a 
guinea-pig  if  iuioct««i  together  with  an  I.+  dose  of  the  toxin. 

•  Madnen,  in  Kraus  u.  I.evaditi,  "  Ilandbuch,"  etc.,  1907. 

'  DoniU,  "Die  Werthbem.  der  Ueilsera,"  in  Kollc  u.  Wasaermann. 
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measurement  is  much  diminished  by  the  use  of  larger  quantities  of  dilu- 
tions higher  than  those  given.  Four  c.c.  is  the  volume  usually  injected. 
Since  1902,  the  production  and  sale  of  diphtheria  antitoxin  has  been 
regulated  by  law  in  the  United  States.  From  time  to  time,  antitoxin  is 
bought  in  the  open  market  and  examined  at  the  hygienic  laboratories  of 
the  United  States  Public  Health  and  Marine  Hospital  Service.  Anti- 
toxic scrum  which  contains  less  than  two  hundred  units  to  each  cubic 
centimeter  is  not  permitted  upon  the  market. 

In  a  previous  section  we  have  s(x;n  that  Hiss  and  Atkin.^on '  and 
others  have  shown  an  increa.sc  in  the  globulin  contents  of  blood  serii!'i 
of  immunised  animals.  It  has  been  shown,  furtheniiorc^,  that  the  pre- 
cipitation of  such  serum  with  ammonium  sulphate  carrie*.!  down  in  the 
globulin  precipitate  all  the  antitoxic  substances  contained  in  the  serum. 
Upon  a  basis  of  globulin  precipitation,  (jil)son '  has  recently  perfectcti  a 
method  of  concentrating  and  purifying  diphtheria  antitoxin  for  thera- 
peutic use.  This  procedure,  as  carried  out  at  the  New  York  Depart- 
ment of  Health,  is,  in  principle,  as  follows: 

The  scrum,  as  taken  from  the  horse,  is  heated  to  5G°  C.  for  twelve 
hours.  This  converts  about  half  of  the  pst^udoglobulin  into  euglobulin, 
the  antitoxin  remaining  in  tlu;  pstmtloglobulin  fraction.'  It  is  then' 
precipitated  with  an  equal  volume  of  a  saturated  ammonium  sulphate 
solution.  After  two  hours,  the  precipitate  is  caught  in  a  filter  and 
rediesoived  in  a  quantity  of  water  cornwponding  to  the  original  quantity 
of  scrum.  After  filtration,  this  solution  'is  again  prrcipitatetl  with 
saturated  ammonium  sulphate  solution  and  the  precipitate  again  fil- 
tered off.  The  precipitate  is  then  treated  with  a  saturated  solution  of 
Nodium  chloride  of  double  the  volume  of  the  original  serum.  This  is 
allowed  to  stanil  for  alwut  twelve  hours.  At  the  end  of  this  time  the 
antitoxin -eon  taining  globulin  in  in  solution  and  is  pipetti^d  away  from 
the  precipitate  and  filtered.  This  salt-solution  extract  is  then  pre- 
cipitated with  twenty-fivt!  hundredths  per  et^nt  acetic  acid.  The  re- 
sulting precipitate  of  globulin  is  thoroughly  dried  by  pressure  between 
filter  papers  and  placed  in  a  parchment  dialya^r.  Dialysis  with  run- 
ning water  is  continued  for  seven  to  eight  days,  after  neutralization  with 
Hodium  carbonate,  in  order  to  remove  the  sodium  chloride.  At  the 
end  of  this  time,  the  globulin  solution  remaining  in  the  dialyzcr  ia  fil- 

'  /ftM  and  AtkJniinn,  Jour.  Kxpcr.  Mc(l.,  v,  IDOO. 

'  Gibson,  Jour,  of  Biol.  Clieni.,  i,  lW)fi, 

'  Dr.  Banzhttf,  peraonul  comniunicatiun. 

'  Gib*<m  and  Collina,  Jour,  of  Biol.  Uhcm.,  iit,  1007. 
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t«red  through  a  Berkefeld  candle  for  the  purpose  of  sterilization,  Jter 
the  addition  of  0.8  per  cent  sodium  chlorid.  According  to  Gibson,  this 
method  produces  a  yield  of  antitoxin  which  equals  about  four-fifths 
of  the  original  quantity  but  is  concentrated  five-  to  seven-fold.  The 
method  has  more  recently  been  modified  as  follows: 

After  heating  to  50°  0.,  as  above,  and  cooling,  ammonium  sulphate  is 
added  to  the  serum  to  thirty  per  cent  saturation.  This  brings  down  all 
the  euglobulins.  Thiw  is  then  fiit(;re(l  and  the  filtrate,  which  contains 
the  pseudoglobulins  with  the  antitoxin,  is  again  precipitated  with 
ammonium  sulphate  in  a  concentration  of  fifty-four  per  cent  of  satura- 
tion The  precipitate  is  then  separated  on  a  paper,  pressed  to  dryness, 
and  directly  dialyzed.' 

Park  and  Thome  ^  have  f<iund  that  the  use  of  such  concentrated 
antitoxin  is,  therapeutically,  equally  efficient  aa  the  un concentrated, 
anil  possesses  the  advantage  of  less  frequently  giving  rise  to  the  sec- 
ondary reactions  in  skin  and  muirous  membranes  occasionally  noticed 
after  the  use  of  onlinary  antitoxin,  and  referable,  probably,  to  some 
other  constituent  of  the  horse  serum. 

Diphtheria  antitoxin  is  therapeutically  used  in  doses  ranging  from 
3,000  to  20,000  units.  For  prophylactic  immunization  of  healthy 
individuals,  about  500  units  should  be  used. 

TETANUS  ANTITOZIM 

Production  of  Tataniu  Antitoxin. — The  production  of  tetanus  anti- 
toxin is,  in  every  way,  analogous  to  that  of  diphtheria  antitoxin.  It 
is  necessary  in  the  first  place  to  produce  a  powerful  tetanus  toxin.  The 
methods  of  procuring. thb  will  be  discussed  in  the  section  upon  tet- 
anus toxin,  page  45X.  Suffice  it  to  say  here  that  the  most  satisfactory 
method  of  obtaining  toxins  consists  in  cultivating  the  bacilli  upon  veal 
broth  containing  five-tenths  per  cent  to  two  per  cent  sodium  chlorid 
and  one  per  cent  pepton.  It  has  been  advised,  also,  that  the  broth  should 
be  neutralized  by  means  of  magnesium  (tarbonate  rather  than  with 
sodium  hydrate.  The  bacilli  are  cultivati^d  for  eight  to  ten  days  at  incu- 
bator temperature  and  the  broth  filtered  rapidly  through  Berkefeld 
filters.  The  toxin  may  be  preserved  in  the  liquid  form  with  the  ad- 
dition of  five-tenths  per  cent  carbolic  acid,  or  may  be  preserved  in  the 
dry  state  after  precipitation  with  ammonium  sulphate. 

'  Dr.  BatakaJ,  personal  communiVation, 

'  Park  and  Throne,  Ainer.  Jour.  Med.  Bci.,  Nov.,  1906. 
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It  is  necessary  to  determine  the  strength  of  the  poison.  This  is  done 
according  to  Behring '  by  detennimng  the  smallest  amount  of  toxin 
vhich  will  kill  a  white  mouse  of  twenty  grame  weight  within  four  days. 
Tliis  is  most  easily  done  by  making  dilutions  of  the  toxin  ranging  from 
1 :  100  to  1  : 1,000,  and  then  injecting  quantities  of  0.1  c.c,  of  each  erf 
these  dilutions  subcutancously  into  white  mice.  In  this  way,  the  mini- 
mal lethal  dose  is  ascertained. 

For  the  actual  production  of  antitoxin,  horses  have  been  generally 
found  to  be  the  most  favorable  animals.  The  horses  should  be  healthy 
and  from  five  to  seven  years  old.  The  first  injection  of  toxin  admin- 
istered to  these  animals  should  be  attenuated  in  some  way.  Vari- 
ous methods  for  accomplishing  this  have  been  in  use.  In  America, 
the  first  injection  of  about  ten  to  twenty  thousand  minimal  lethal  doses ' 
{for  mice  of  twenty  grams  weight)  is  usually  made  subcutancously  to- 
gether with  sufficient  antitoxin  to  neutralize  this  quantity.  In  Germany, 
V.  Behring  uses,  for  his  first  injection,  a  much  larger  dose  of  toxin  to 
which  about  0.25  per  cent  of  tcrchlorid  of  iodin  has  been  added. 
Immediately  after  an  injection,  the  animals  will  usually  show  a  reac- 
tion expressed  by  a  rise  of  temperature,  refusal  of  food,  and  some- 
times muscular  twitching.  A  second  injection  siiould  never  be  given 
until  all  such  symptoms  have  completely  subsided.  This  being  the  case, 
after  five  to  eight  days  double  the  original  dose  is  given  together  with 
a  neutralizing  amount  of  antitoxin  or  with  the  addition  of  terchloiid  of 
iodin.  Again  after  five  to  eight  days,  a  lai^r  dose  is  given  and  there- 
after, at  similar  intervals,  the  quantity  of  toxin  is  rapidly  increased.  In 
America  the  neutralizing  antitoxin  is  omitted  after  the  third  or  fourth 
bjection;  in  v.  Behring's  laboratory  the  quantity  of  torchlorid  of  iodin 
is  gradually  diminished.  The  increase  of  dosage  is  often  controlled  by 
the  determination  of  the  antitoxin  contents  of  the  animal's  blood  scrum. 
The  immunization  is  increased  until  enormous  doses  (500  c.c.)  of  a 
to3dn  in  which  the  minimal  lethal  dose  for  mice  is  repn-sented  by 
0.0001  c.c,  or  less,  is  borne  by  the  horse  without  apparent  harm. 

The  antitoxic  serum  is  then  obtained  by  bleeding  from  the  jugular 
vein,  as  in  the  case  of  diphtheria  antitoxin.  It  may  he  preserved  in  the 
liquid  state  by  the  addition  of  five-tenths  per  cent  of  carbolic  aci<l  or 
four-tenths  per  cent  of  tricresol. 

'  V.  Brhring.  Zeit.  f.  Hyu..  xii.  1892  ;  Dent.  med.  Woch.,  1900, 

■According  to  P&rk  the  "horses  receive  5  c.c.  aa  the  initial  dose  of  h   loxin 

(rf  which  1  c.c.  kills  250,000  grama  of  guinea-pig,  and  along  with  this  a  sufficient 

■mount  of  antitoxin  to  neutroliie  it." 
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StiadardiiAtian. — The  universal  prophylactic  use  of  tetanus  antitoxin 
has,  as  in  the  case  of  diphtheria  antitoxin,  necessitated  its  standardiza- 
tion. A  variety  of  methods  are  in  urn-  in  diffcrt'nt  parts  of  the  worid. 
In  the  following  descripUon  the  American  mdhod  only  will  Ix;  consiti- 
ered  as  laid  down  under  the  law  of  July,  I'JOS,  and  baseti  upon  the  wori: 
of  Roscnau  and  .Anderson  '  at  the  United  States  Hygienic  Laboratoriea 
at  Washington. 

In  conjunction  with  a  committee  of  the  Society  of  American  Bac- 
teriologists, these  authors  have  defined  the  unit  of  tet-anus  antitoxin  as 
follows: 

The  unit  whall  be  ten  times  the  least  amount  of  serum  necessatj'  to 
save  the  life  of  a  S.W  Rram  guinea-pig  for  ninety -six  hours  against  the 
official  test  dose  of  standanl  toxin.  The  test  dose  consistsof  100 minimal 
Ifthal  doses  of  a  precipitated  toxin  preser\'e<l  und<'r  special  conditions 
at  the  hygienic  lalM>rator>'  of  the  Public  Health  and  Marine  HospitJii 
Service.  (The  minimal  lethal  dose  is  in  this  case,  unUke  Behring's 
minimal  lethal  <lose,  mca-surcd  not  agnin.st  20  gram  mice,  but  against 
3."»0  gram  guinea-pigs.) 

In  the  actual  standardization  of  tetanus  antitoxin,  as  in  that  of  diph- 
theria antitoxin,  the  L^,  dose  of  toxin  is  employed.  The  L+  dose  is, 
however,  in  this  case,  defined  as  the  smallest  quantity  of  tetanus  toxin 
that  will  neutralize  oiu'-tcnth  of  an  immunity  unit,  plus  a  quantity  of 
toxin  sufficient  to  kill  a  ;i.">0  gram  guinea-pig  in  just  four  days.  -\t  the 
Hygienic  Laboratory  at  Washington,  a  standard  toxin  and  antitoxin 
are  preserved  under  special  conditions,  and  standard  toxin  and  anti- 
to.xin,  arbitrarj- in  their  first  establishment,  are  kept  constant  by  being 
measured  against  each  other  from  time  to  time.  In  measurin";  the  anti- 
toxic scrum  thus  preservc<l,  at  the  Hygienic  Laboratory,  a  mixture  of 
one-tenth  of  a  unit  of  antitoxin  and  100  minimal  lethal  doses  of  the 
Htaiidaid  toxin  must  contain  just  enough  free  poison  to  kill  the  guinea- 
pig  in  four  days.  This  L^.  do.se  of  the  stimdard  toxin  is  given  out  to 
those  inten'sted  eomincn-ially  orothenvisfs  in  the  production  of  antitoxin. 

In  measuring  an  unknown  antitoxie  scrum  against  this  L-^.  dose  of 
toxin,  a  largo  number  of  mixtures  are  made,  each  containing  the 
L+  dose  of  the  toxin  and  varying  quantities  of  the  antitoxin.  Dilu- 
ti<ms  must  always  1m^  made  with  OX'S  per  cent  salt  solution  and  the 
total  quantity  injected  int«  the  animals  should  always  be  brought  up  to 


'  Rntenau  aril  Aniirriton,  Pill).  Health  and  Miir.  IIiwp.  Son'.  U.  S,,  Hyg.  Lab.  E 
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4  c.c,  with  salt  solution  in  order  to  equalize  the  couditions  of  concen- 
tration and  pressure.  The  mixtures  are  then  kept  for  one  hour  at 
room  temperature  in  diffused  light.  After  this  they  are  8ul>cutaneou8ly 
injected  into  a  series  of  guinea-pigs  weighing  from  300  to  400  grams. 
The  following  example  of  a  test  is  taken  from  the  article  by  Roaenau 
and  Anderson  quoted  above. 


r^^ 

Wright  of 

""— ='."™- 

(Te»rDS«). 

Antitoxin. 

1 
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360 
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0.0006 
.0006 
.0006 
.OOOfi 
.flOOfi 

o.obi 

.0015 
.002 
.0025 
.003 

2  days  4  hours 
A  daya  I  hour 

SMght  symptoms 
No  syniptomu 

In  this  scries  the  guinea-pig,  r(;ceiving  0.0015  e.c.  of  the  antitoxin,  died 
in  approximately  four  days;  0.0015  c.e.  therefore  represents  one-tenth 
of  an  immunity  unit. 

In  therapeutically  employing  antitoxin  for  prophylactic  purposes, 
about  1,500  units  should  be  employed. 
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L^SINS,  AGOLUTININB,  PRECIPITINS,  AND  OTHEH  ANTIBODQS 

LT8INS 

In  the  immediately  preceding  sections,  we  have  dealt  solely  with 
immunity  as  it  occurs  where  soluble  toxins  play  an  important  part 
anti  in  which  antitoxins  are  deveiopod  in  the  immunized  subject.  There 
are  many  spofie?'  of  pathngc'nic  h;>rtfria,  however,  which  stimnlHlj- 
t.hp  prndniition  iif  \\]^\;\-  <»■-  r.»  ..r.t;t»v.V  >.Lihstiinri-  when  intrO(]iii-<vl  Jnln 
animals,  and  the  resistanec  of  the  inmiunized  animal  can  not,  therefore. 
be  cxplamed  by  the  presence  nf  antitnyin  in  the  blood.    ) 

V.  lodor,'  pJuttall,'  Buchner,'  and  others  had  in  ISH6  and  the  years 
following  carrie<l  on  investigations  which  showed  that  normal  blood 
senim  poescased  the  power  of  killing  certain  of  the  pathogenic  bactfria. 
Nuttall,  working  under  tjie  direction  of  Fliigge,  made  the  important d is- 
eoverj'  that  this  bactericidal  power  became  gradually  diminished  with 
time,  and  could  he  experimentally  destroyed  by  exposure  of  the  serum 
to  a  temperature  of  oO"  C.  for  one-half  hour.  Buehner,  who  confirmed 
anil  extended  the  observations  of  Nuttall,  called  this  thermolabile  auh- 
sliinee  upon  whJdi  the  burti^nVidftl  rh^rni;ter  of  the  ecrum  seemed  to 
depend  "alexm.  ' 

Our  knowledge  "f  thf^  baitericidiil  action  of  Ki;rum  was,  soon  thcn-- 
jifter,  exU'nsively  increased  by  the  discovery,  by  Pfeiffer  and  Isaeff,' 
thaj,  choli-m  wnlrilln  inli..'lfd  inlji  ±hn..nprit/infnl  .-ftvitv  of  a  pholcm- 
niimune  guinea-pif^  were  nromotlv  killed  and  almost  completely  dis- 
r 'l"'^1i  Tit"  ?"'""  pV"'"""'""""  ""I'l'l  If  pbtH^rved  ^h""  'he  sprnlTa. 
mixed  with  frewh  immune  scrum,  were  injected  into  the  peritoneum  of  a 
normal  K'limaisUuS 

The  processes  observed  l)y  PfcifTtsr  jis  taking  place  intraperitoneallv 
wen;  mon  shown  by  Metehnikoff,*  Bordet,*  and  ()thers  to  t,akc  place, 
thou(;h  to  a  les.scr  ext4;nt,  in  vUro.    Bonlet,  furthermore,  oh-ierved  thai 

I  .■.  Fmbn:  Dent.  niwl.  Woch.,  1886.  '  NuUatl.  Zeil,  f.  Hyg.,  1886. 

"  Bfifhtur.  Cent.  f.  Bakt.,  1889.  '  P/ei_fferuDdlaat:ff,ZeiU.  Hyg.,  18M. 

'  Mrtehnikiiff,  .Ann.  lie  t'inst.  Ptuteur,  1893.    •  Bantti,  ibiH.,  1895. 
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the  bacteriolytic  digestive  power  of  Buch  immune  aerum.  when  Jestroved 
by  heating,  or  after  being  attenuated  by  time,  could  bo  restored  by  the 
addition  to  it  of  small  quantities  of  normal  blood  aerum.  It  could,  in 
other  words,  be  "reactivated"  by  normal  scrum.  From  this  obser- 
vation Bordetdrewthe  conclusion  that  the  bactericidal  or  hactcriolytic 
action  nf  tJip'ttpnim  appended  upon  two  distinct  substajiccB.  The  one 
present  in  nonn^  serum  and  thermolabile.  he  conceived  to  be  identical  /j&j/ ,^ 

with  Buchncr's  alexin./  The  other,  more  stable,  produced  or  at  least ' 

increased  in  the  serum  by  the  process  of  immunization,  he  called  the  Cow-j* ' 
"sensitizing  substance/'     ThLs  substance,  he  believed,  acting  upon  ^^^jt^i 
the  bacterial  cells,  rendered  them  vulnerable  to  the  action  of  the  aloxin.^T 
Without  the  previous  preparatory  action  of  the  "  sensitising  substance  •'^*-**^^ 
the  alexin  was  unable  to  act.    Without  the  co-operation  of  alexin,  the 
"aensitizing  substance  "  producctl  no  visible  effects. 

Bordet's  interpretation  of  the  phenomenon  of  ly.sis  differs  essentially 
from  that  of  Ehrlich,  in  that  both  active  serum  components  are  con- 
ceived by  him,  though  independent,  to  act  directly  upon  the  bacterial 
cell.  A  few  years  lat«r,  Bordet  was  able  to  show  that  exacfly  analogous 
conditions  governed  the  phenomenon  known  as  "hemolysis"  or  dis- 
integration of  red  blood  cells. 

It  had  been  known  for  many  years  that  in  the  transfusion  of  blood. 
from  an  animal  of  one  species  into  an  animal  of  another  species,  in- 
jury was  done  to  the  red  corpuscles  which  were  introduce*!.  f)brterved 
in  the  test  tube,  the  red  cells  in  ths  hftt,nrqliif»niia  tu>nim  yirp  aeen  to^^ 
give  up  their  hflP^oslTrlrin  ir  *^"  ''"■''i  *'"'  "'ivt"n'  tnHint^  ""  the  red 
tmgspareney  characteristic  of  what  in  known  an  "iitltffd  "  bl(Hni.  /  Buch- 
npr,'  in  hJH  alpvin  Ht.mlios  lijuj  nHV^  ^'"^t'  ""■  blnfiil-.-i-ll  ilp^trnviny 
action  of  the  nonnal  serum  was  subject  to  the  nunu:  laws  as  the  bac- 
tericidal power  of  similar  serum,  in  that  it  wji.-*  destroyed  by  heating, 
anu  he  assumed  that  both  the  bacteriol y t ie  anti  the  hemolytic  action 
of_  normal  serum  were  due  to  thcsiuti'-  "aiovln  "\  Mi-tj-hnilfolT'  mum- 
over,  dad  pomted  out  the  striking  analogy  between  the  two  phenomena 
as  early  as  1889. 

Bordet*  now  observed  that  the  blood  serum  of  guinea-pigs  previously 
treated  with  the  defibrinated  blood  of  rabbits  developed  marked  powers 
of  dissolving  rabbits'  corpuscles,  and  that  this  hemolytic  action  could 

'BvdmtT,  Arch.  f.  Hyg.,xvii,  1893;  Waremberg,  Arch.  d.  in&).  exper.lSOI. 
'MOeKrukoff,  Ann.  de  I'mst.  Pasteur,  1889. 
*  Bordet,  Ann.  de  I'itut.  Pasteur,  t.  xii,  1898. 
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be  destroyed  by  heating  to  56'^  C,  but  "  reactivated  "  by  the  addition  o£ 
fresh  uormat  serum.  He  had  thus  produced  an  immune  hemolysin, 
just  as  Pfciffer  had  produced  immmie  bacteriolysin,  and  had  demon- 
strated the  compleU^  parallelism  which  existed  between  the  two  phe- 
nomena, 

A  practical  test-tube  method  was  thus  given  for  the  investigation  of 
the  lysins,  just  as  a  practical  test-tube  method  for  antitoxin  researches 
had  been  developed  by  Rhrlich  in  his  ric in-antiricin  experiment's. 

The  path  of  investigation  thus  pointed  out  by  Bordet  was  soon  ex- 
plored in  greater  (ietai!  by  Ehrlich  and  Morgenroth.'  The  reasoning 
which  Ehrlich  had  applied  in  explaining  the  pividuction  of  antitoxins 
was  thought,  by  these  obsrn/cre,  to  Vh'-  equally  applicable  to  the  phe- 
nomena of  bacteriolysis  and  hemolysis. 

Since  the  thcrmolabilc  sub.-ttancc  oralcjiy^  renamed  by  Ehrlich 
"rnmplemen^,  "  was  already  prownt  in  nonnal  scrum  and  had  been  shown 
to  l)e  little,  if  at  all,  inereafi<'<l  during  the  process  of  immunization, 
this  substance  couki  have  but  Yittlc,  relation  to  the  changes  taking  place 
in  the  animal  body  as  immunity  was  aequirt^d.  The  more  stable  serum- 
component,  however,  the  "substance  sensibilisat rice "  of  Bordet,  or, 
as  Ehrlich  now  called  it,  the  "  iinmundlbo<lv."  was  the  one  which  accnted 
specifically  ealletl  forth  by  the  pmcess  of  active  immimization.  /Eh rlich 
argued,  therefore,  that  when  bacteria  or  bloo<l  colls  werci  injected  into 
the  animal,  certain  atom-groups  or  chcmit^al  components  of  the  injected 
substances  were  imited  to  other  atom-groups  or  "  siilo  chains "  of  the 
protoplasm  of  the  tissue  cells.  These  "  side  chains  "  or  rti^ptora.  then 
renrodueeil  in  excess  and  finally  thro WH  fl'ee  into  the  circulation,  con- 
stituted the  "immune  l)odv."  The  miniune  Imdy,  therefore,  he  con- 
cluded, must  possess  atom  complcixes  \yhich  endow  it  with  specific 
chemical  affinity  for  the  biicteria  or  re<l  blooil  cells  >i.'*e<l  in  its  produc- 
tion./This  contention  was  supported  by  Ehrlich  and  Morgenroth  by 
an  ingenious  series  of  experiments. 

Having  in  their  possession,  at  that  time,  the  bloo<t  aerura  of  a  goat 
immunised  against  the  red  blood  cells  of  a  shei-p,  they  inactivated  it 
(destroyed  the  complement  or  alexin)  by  heating  to  56°  C.  The  serum 
then  contained  only  the  "substance  sensibiUsatrice "  or  immune  body. 
To  this  inactivated  scrum  they  added  shei'p's  red  corpuaclca,  without 
obtaining  hemolysis.  Having  left  the  inactive  aerum  and  the  sheep's 
corpuscles  in  contact  with  each  other  for  some  time,  they  separated 

iHhrlieh  und  Morqenrolk.  Bert.  klin.  Woch.,  1, 1899. 
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thpm  by  centiifugalization.  To  the  supernatant  fluid,  they  now  addea  . 
shoep-blooii  corijuscles  and  normal  goat  serum  (complement)  and  found 
that  no  hemolysis  took  place.  The  immune  body  had  apparently  gone 
out  of  the  serum.  The  red  celts  which  had  been  in  contact  with  the  serum 
anil  separated  bj'  the  centrifuge  were  then  washed  in  salt  solution  and 
to  them  complement  was  added  in  the  form  of  fresh  normal  serum. 


H**^'^^* 


Fio.  57. — Ehrucb's  Conception  op  Cbll-Recbptoih,  Giving  Rise   to  Lytic 
Imuv.ie  Bodibb  (Haptines  Of  the  Third  Order). 

Hemolysis  occurred.     It  was  plain,  therefore,  that  the  immune  body 
of  the  inactivated  serum  had  gone  out  of  solution  and  had  become  at-  - 
tflched  to  the  red  blood  cells,  or,  as  Fhrtich  expressed  it,  the  immune 
body  by  means  of  its  "haptophore"  atom-group  had  become  united 
to  the  corpuscles.    In  contrast  to  this,  if  normal  goat  serum  (containing 

Com  plain  rni 


Call  used  for  immunijin^ 

Fio.   58.— Complement,    Amboceptor    or  Immune    Body,    and    .Antigen    Ok 

iMMfNIZINO    SUBSTAHCE. 

complement  onlj)  was  addeil  to  slir?p  corpuscles  an<l  separated  again 
by  centrifugalizfttion,  the  supernatant  fluid  was  found  to  be  still  capable 
of  reactivatinginactivated  serum  (immune  body).  This  he  interpreted 
as  proving  that  the  complement  was  nut  bound  to  the  corpuscles  clirecthv 
If  the  three  factors  concerned — corpuscles,  immune  body,  and 
complement — were  mixed  and  the  mixture  kept  at  0°  C,  no  hemolysis 
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■  occurred;  yet,  centrifugalized  at  this  temperature,  immune  body  was 
found  to  have  become  bound  to  the  corpuscles,  the  complement  ro- 
maining  free  in  the  supernatant  fluid.  If  the  same  mixture,  however, 
was  exposed  to  37"  C,  hemolysis  promptly  occurred. 

From  this,  EhHich  concluded  that  compiemcnt  did  not  directly 
combine  with  the  corpuecles.  but  did  so  through  the  ipterventionof 
the  immune  body.  This  immune  body,  he  reasoned,  possessed  two  dis- 
tiri'pt.  --t^om-groups  or  haptophores;  one,  1hi-  cj'tophile  haptophore  proup, 
with  strong  affinity  for  the  red  blood  pell;  th<>  other,  or  complemento- 
phiie  haptoohore  Kroup,  with  weaker  avidity  for  the  comnlement.  He- 
cause  of  this  double  combining  power,  Ehrlich  speaks  of  the  immune 
body  as  "amboceptor."  These  views  are  graphically  represented  in 
Figs.  67  and  58. 

Thus,  according  to  Ehrlich  and  his  pupils  the  alexin,  or  comple- 
ment, acta  upon  the  antigen  indirectly  only  through  the  "zwischcn- 
koerper"  or  "amboceptor."  Bordet'  claims,  however,  and  in  our 
opinion  rightly  so,  that  this  conception  is  not  justified  by  observed  facts. 
The  only  thing  that  we  actually  know  is  that  alexin  or  complement 
does  not  go  into  union  with  the  unsensitized  antigen,  but  that  tne  ac- 
tivity of  the  alexin  upon  the  antigen  is  made  possible  only  by  prelim- 
inary sensitization  or  by  union  Avith  the  specific  antibody.  The  specific 
antibody  sensitizes  to  the  action  of  the  complement  but  is  not  neces- 
sarily a  sort  or  bridge  with  an  antigenophile  group  and  a  compleraento- 
phile  group.  The  difference  is  a  fundamental  one,  and  it  would  seem 
to  us  that  Bordet's  view  is  more  conservative.  For  this  reason  it  seems 
better  to  refer  to  the  substances  involved,  alexin  or  complement,  as 
sensitizer  instead  of  amboceptor,  since  sensitizer  expresses  only  exactly 
what  happens,  whereas  amboceptor  implies  a  theory,  that  is,  inter- 
mediation of  this  substance  between  complement  and  antigen. 
AOaLUTIHIHS 

Although  Metchnikoff  *  and  Charrin  and  Roger  *  had  noticed  pecul- 
iarities in  the  growth  of  bacteria  when  cultivated  in  immune  sera,  which 
were  unquestionably  due  to  agglutination,  the  first  recognition  of  the 
ai^Iutination  reaction  as  a  separate  function  of  immune  sera  was  the 
achievement  of  Gruber  and  Durham,  While  investigating  the  Keiffcr 
reaction  with  B.  coli  and  the  cholera  vibrio,  Gruber  and  Durham  * 

'  Bordel,  A  Resume  of  Inununity  in  "Studies  in  Immunity."  .  Transl.  by  Guy, 
Wiley  4  Son,  1909.  ^Metchnikoff,  "Ktudes  sur  I'immuniW,"  IV  Memoir,  1891. 

'  Charrin  et  Roger,  Compt.  rend,  de  la  soc.  de  biol.,  1889, 

*  Gniber  und  Dvrham,  MUnch.  med.  Wojih.,  1S96, 


Digitized  by  Google 


LYSINS,  AOGLUTININS,  PRbX^IPlTlNS,  EIX;. 


229 


noticed  that  if  the  rcBpoctivc  ininiunp  wera  were  added  to  bouillon  cul- 
turca  of  these  two  Huecies.  th<;  cultures  would  loac  their  turbidity  and 
flake-like  rhimpw  would  siiik  to  the  hnU.ntn  of  thf.'.  tube,  the  supernatant 
fluid  incoming  clear.  Gruber.  at  the  aame  time,  ealled  attention  to  the 
fact  that  immune  sera  would  affect  in  thia  way  not  only  the  microor- 
^nism  used  in  their  production,  but,  to  a  less  energetic  extent,  other 
rlosfly  related  bacleria  as  well. 

Widal,  very  soon  after  firuiwr  and  Durham's  announcement,  ap- 
plied the  agglutination  reaction  to  the  practical  diagnoiiiH  of  typhoid 
fever,  fintUng  that  the  senun  of  patients  afflicted  with  this  disease 
■showed  aaglutinating  power  over  tho.  t.\'plioiil  bn.eilhis  at  early  stagt^ 
iji  the  course  of  the  fever.  The  ix'iu'tioii,  thus  practically  applied  to 
clinical  diagnasis,  wiia  Hoon  shown   to  be  of  great  importance  in  its 


l>!>aring  on  bact^'riological  .ipeciea  diffeieiitiation.  Since  animals  im- 
munized against  a  definite  species  of  bacteria  acijuire  in  their  sera 
specific  agglutinating  poweiy  for  these-  baclei'ia  and  at  best  only  slight 
iigglulfnating  powers  for  othei'  species,  immune  sera  can  be  used  ex- 
tensively in  (HfTen'ntiating  between  bacterial  varii'ties. . 

Agglutination  may  be  observe<l  microscopically  or  macroscopically. 
IJai-tcria  brought  into  contact  with  agglutinating  serum  in  the 
hanging  drop  rapidly  lose  their  motility,  if  motile,  aa  in  the  ease  of 
typhoid  bacilli,  an<I  gather  together  in  small  clumps  or  masses.  The 
microscopic  picture  is  stiiking  and  easily  recognized  and  the  reaction 
takes  place  with  varying  speed  and  compkiteness,  acconling  to  the 
.'itrengtb  of  the  a^lutinating  senim. 

As  the  reaction  approaches  completeness,  the  clumps  grow  larger, 
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individual  microorganisms  become  more  and  more  scarce,  finalSy 
leaving  the  medium  between  clumps  entirely  clear.  While  the  clumping 
of  a  motile  organism  suggests  that  motihty  has  something  to  do  with  thp 
coming  together  in  clumps,  it  neverthclesa  has  no  relation  whatever 
to  a^lutination,  motile  and  non-motile  organisms  alike  being  subject 
to  the  reaction, 

Marroscnpically  observed,  in  small  test  tubes  or  capillary  tubes,  ag- 
glutination evidences  itself  by  the  formation  of  flake-like  ma-sses  which 


Fio.  fiO. — MArHdsropn:  AonuiTiNATiON.  Dilutions  from  1  in  10  to  1  Ik  1 .000. 
The  first  tiilie  containg  a  1  :  20  control  willi  tlic  bacteria  and  normal  aoriun. 
Agglntination  co:npkl«  in  the  tubes  marked  10,  20,  50,  100. 

settle  into  irregular  heaps  at  the  bottom,  leaving  the  supernatant 
fluid  clear,  in  distinct  contrast  to  the  even  flat  sediment  and  the  clouded 
supernatant  fluid  of  the  control.  Macroscopic  ally,  too,  agglutination 
is  evi<l('ncrd  when  bacleria  ai-c  grown  in  broth  to  which  immune  scrum 
has  Ih'cii  atUlcd.  Instead  of  evenly  clouding  the  broth,  the  niicn)- 
orgiuiisins  develop  in  dumps  or  chains. 

.\niitlicr  phenomenon  pi-obably  protluced  by  agglutinins  is  the  so- 
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(railed  "thread-reaction"  of  Pfaimdler.'  This  consbts  in  the  forma- 
tion of  long  convoluted  threads  of  bacterial  growth  in  the  hai^ng  drop 
of  dilute  inuuune  serum  after  twenty-four  hours.  Very  strict  specificity 
is  attributed  to  this  reaction  by  Pfaundler. 

A^lutinins  act  upon  dead  as  well  aa  upon  living  bacteria.  For  the 
microscopic  tests  bacterial  emulsions  killed  by  formalin  were  intro* 
duced  by  Neisser. 

Ficker  •  has  recently  succeeded  in  preparii^  an  emulsion  of  typhoid 
bacilli,  which  is  pennanent  and  may  be  kept  indefinitely,  and  may  be 
employed  for  macroscopic  agglutinations.* 

Attrition  has  been  called  by  various  workers  to  a  source  of  error  in 
all  these  methods,  known  as  paeudo-clumping.*  The  causes  for  such 
clumping  not  due  to  i^glutinins  seem  to  lie  in  the  presence  of  blood  cells 
in  the  serum  or  excessive  acidity  of  the  culture  medium. °  In  fact,  ag- 
glutination of  bacteria  by  acids  in  definite  concentration  van  Ix;  carried 
out  and  seems  to  depend  directly  upon  the  hydrogen  ion  concentration. 

While  the  microscopic  methods  are  more  suitable  for  chnical-dil^;- 
nostic  purposes,  because  of  the  smaller  amounts  of  blood  required,  the 
niacFoecopic  tests  are  far  preferable  for  the  purposes  of  bacterial  differen- 
tiation and  research.  Greater  exactitude  of  dilution  b  possible  when 
dealing  with  larger  quantities;  microscopic  unevenness  in  the  bacterial 
emulsion  does  not  become  a  source  of  error;  and  positive  and  negative 
reactions  are  more  sharply  defined. 

Nfttnn  of  Agglutlnina.^-G ruber  and  Durham,*  the  discoverers  of  ag- 
glutinins, at  first  advanced  the  opinion  that  the  agglutinins  were  idcn- 
ticfJ  with  the  immune  lx>dy  concerned  in  the  Pfeiffer  reaction,  which  by 
injuring  the  bacteria  rendered  them  susceptible  to  the  alexins.  Pfeiffer  ' 
imd  Kolle  *  soon  showed,  however,  that  by  the  addition  of  cholera  vibrio 
to  immune  serum,  the  agglutinins  could  be  completely  absorbed,  or  used 
up,  while  bacteriolytic  substances  still  remained.  The  same  autiiors 
demonstrated  that  immune  serum,  preserved  for  several  montlis,  would 
lose  its  agglutinins  without  a  corresponding  loss  of  bacteriolytic  power. 
It  has  been  variously  shown  since  then,  by  these  and  other  authors, 
that  the  agglutinins  and  the  bactericidal  substances  are  in  no  way  parallel 

'  P/atmdfer,  Cent.  f.  Bakt.,  xxiii,  18i)8.         '  Fidcer,  Berl.  klin.  Woch.,  1903. 

'  Ilboict  method  of  production  of  "Fii^ker's  Diagnueticum"  iti  a  proprietury  secret. 

*Sauige,  Joiir.  of  Path,  and  Bact.,  1901. 

*Biggs  and  ParK  Amer.  Jour,  ot  Wed.  Sci.,  1897;  Blade,  Brit.  Med,  Jour,,  1897. 

•  Loc.  cit.  '  Pfeigi^,  Deut.  med.  Woch.,  1896. 

•  PSeiS*^  und  KcMe,  Cent.  f.  Bakt.,  x.\,  1896. 


Digitized  by  Google 


232  INFECTION  AND  IMMUNITY 

in  their  development,  aod  that  strongly  agglutinatii^  sera  may  be  ex- 
tremely weak  in  bactericidal  substances  and  vice  versa.  We  ourselves 
are  not  at  all  sure  that  this  proves  sufficiently  that  i^y^lutinins  and 
bacteriolysins  are  distinct  substances.  Whether  or  not  a^lutinins 
possess  any  direct  protective  function  can  not  at  present  be  stated 
with  certainty.  Metchnlkoff '  assigns  to  them  a  purely  secondary  r61e. 
As  a  matter  of  fact,  agglutinated  bacteria '  are  not  killed  by  the  act 
of  a^lutination  and  are  often  as  virulent  as  non-agglutinated  cultures. 
Recent  work  by  Bull  seems  to  indicate  that  bacteria  are  agglutinated 
in  vivo  as  a  sort  of  preliminary  step  to  phagocytosis. 

The  a^lutinins,  furthermore,  unlike  the  bactericidal  substances  in 
sera,  remain  active  after  exposure  to  temperatures  of  over  55°  C,  some 
of  them  withstanding  even  65°  to  70°,  and  can  not  ))e  reactivated  by  the 
subsequent  addition  of  normal  serum.  These  facts  definitely  preclude 
the  participation  in  the  reaction  of  the  alexin  or  complement  and  have 
an  important  bearing  upon  Ehrlich's  views  of  their  structure*  {p.  238). 

As  a  result  of  these  and  a  multitude  of  other  studies,  the  agglu- 
tinins have  come  to  be  r^^rded  as  separate  antibodies,  closely  related 
to  the  precipitins. 

The  atQ^lutinins  may  be  chemically  precipitated  out  of  serum  to- 
gether with  the  globulins.  They  do  not  dialyze.  Bordet '  made  the 
observation  that  agglutinins  do  not  act  in  the  absence  of  NaCI-  Whether 
-  the  presence  of  the  salt  aids  the  reaction  in  a  chemical  or  purely  physical 
way,  as  Bordet  supposed,  is  uncertain. 

Production  of  AffclutinluB. — Just  as  normal  sera  cont^n  small  quivn- 
tities  of  bactericidal  substjinces,  so  do  tiiey  contain  a^lutinins  in  small 
amotmt.  In  a  general  way  these  "nonna!  agglutinins"  have  the  same 
nature  as  the  immune  a^lutinins,  and  their  presence  is  probably  trace- 
able to  the  various  microorganisms  parasitic  upon  the  human  and 
animal  body. 

As  a  matter  of  fact,  the  l)lood  serum  of  new-tiom  guinea-pigs  hardly 
ever  contains  i^^lutinin  for  B.  (roll,  while  that  of  a<tults  acts  upon  these 
bacilli  in  dilutions  of  1  :  20.'  Similarly,  infants  show  lower  normal  ag- 
glutinating values  than  adults.* 

^Meichnikoff,  "I/Immiinit^,"  etc.,  1901,  p.  214. 
'  Mesnii,  .\nn.  Ue  I'inst.  I'oateur.  18!I8. 

•Pane,  Cent,  f.  Bakt.,  1897;  Trumpp.  Arch.  f.  Hyg.,  1898;  Forsier,  Zc-t.  (.  Hyg., 
xxiv.     *  Bordel,  Ann,  de  I'inst.  Pasteur,  ISiW. 
'  A'raiw  uiwl  Tjow,  Gciscll.  'I,  Aerzte,  Wien,  1899, 
»  P/aundler,  Jahrb.  f.  Kirolerheilk.,  Bd.-50. 
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AgglutinipB  may  be  produced  in  the  sera  of  animals  by  the  intro- 
duction ot  microorgamsniB  aubcutaiieouslv.  intravenoualy.  or  iatraperj- 
toncally.  Ttie  intravenous  method  seems  to  give  the  most  abundant  and 
speedy  resuTts.^  The  formation  of  agglutinins  is  a  reaction  to  the  body- 
stances  of  the  bacteria  themselves,  rather  than  to  their  toxic  prod- 
ucts. Thus  a^lutinins  are  produced  in  response  to  the  introduction 
of  dead  bacteria  and  soluble  extracts  of  cultures.  Pathogenicity  *  does 
not  mfluence  agglutinin  formation  to  any  great  extent,  non-path<^nic 
as  well  as  pathogenic  giving  rise  to  these  substances  in  serum.  A^  a 
rule,  tiowevcr,  a^lutinins  are  more  easily  produced  gainst  avirulent 
than  against  fully  virulent  strains  of  bacteria  of  the  same  species. 

Affltlutinins  can  be  produced  with  all  the  known  bacteria,  hut  great 
difficultv  may  \)f  (^xix-riencfd  in  prwiucing  them  with  capaulated  or- 
trjiniums  ainih  as  tho  pnpumococcus  mucosum  and  tiie  Friedlander  bac- 
illus,  .since  the  capsule  seems  Uyjjgn|gJ^ucli  bacteria  (^ralnst  reactions 
nith  serum.  It  is  possible  to  agglutinate  such  capsulated  bacteria 
often  only  by  the  method  of  Porgt-s,  the  preliminary  destruction  of 
the  capsule  with  weak  acid  and  heat.  As  a  rule,  the  agglutinins  appear 
in  the  blood  of  animals  three  to  six  days  after  the  introduction  of  bac- 
teria, rrom  the  third  to  the  sixth  day  thev  rapidly  increase  to  a  max- 
imum  at  the  seventh  to  thirteenth  d^y.  They  then  fall  off  rapidly 
until  they  reach  a  level  at  which  they  remain  for  a  loi^  period  without 
very  considerable  change.  Curves  to  illustrate  these  phases  have  been 
constructed  by  Jorgen-sen  and  Madsen.' 

The  Reaction  between  Agglutinin  and  Agglutinin-Stlnnilatlng  Sub- 
■tuicea  (A^yfilyJiriiMen). — The  fact  that  agglutinin  uan  be  removed  from. 
or  al>sorljcd  out  of,  at-tum  i>Y  tilir  "p^^^''  h^filli  which  have 'led  to  its 
formation  ip(Hf.tti^  tl.at.  thorp  |^  \j\  the  act  of  aggluti nation  ti  com bi- 
nation  IwtWeen  tho  f^ylntinin  [^.nd  t.ho  [tfyliit.inin-st.iinnl.itinp  Miilwttinpp 
fii^lutinoyenk  It  is  likely  that  this  combination  is  of  a^hwnieaLiia; 
Ijice,  ^ce,  as  we  have  mentione<l,  agglutinins  result  frt)m  the  injection 
of  bacteiial  extracts  as  well  as  from  the  introduction  of  living  bacteria. 
The  probability  that  the  proecH.s  follows  chemical  laws  of  combination 
is  furthermore  strengthened  by  the  work  of  Joos*  and  others,  who 
have  demonstratetl  tliat  definite  quantitative  relations  exist  between 
the  ^^lutinin-stimulatii^  substanc»(s  and  the  a^lutinins.  Every 
agglutination    reaction,    therefore,  will  vary  in    its    degree    of    eom- 

'  Hnffmaiin,  Hyg.  Rundschau,  liHB.  '  Nicnlle,  Ann.  de  I'inBt.  Pasteur,  1898. 

'  Jmgmnen  and  Madsen,  FestHohrift,  Ki>]iPiilianen,  1902. 
'  Joos,  ZeilB.  t.  Hyg.,  xxxvi,  IfWl. 
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pleteness  with  the  quantities  of  agglutinin  and  agglutinogen,  a  fact 
which  makes  it  neeeaeary,  especially  for  clinical  testa,  to  preserve  a 
certain  uniformity  in  the  quantity  and  density  of  the  bacterial  culture 
or  emulsion  employed. 

SfKrifi'iriTY. — From  the  very  beginning,  Gruber  and  Durham  '  had 
claimed  specificity  for  the  agglutination  reaction,  and  in  this  sense  it  was 
clinically  utilized  by  Widal  for  the  diagnosis  of  tj'phoid  fever.  It  was 
noticed,  however,  even  by  these  earliest  workers,  that  the  scrum  of  an 
ftnimul  iminiinJKi^H  agninwt.  nne  niir-rrmrp-ftnUm  wniilil  offpn  tHT<rliittnatP. 
to  a  lesa  potent  dpp;rpft  ot.lipr  ''Ifw^ly  Trip''"*  apt-^ji-t,  Thus,  the  Serum 
of  a  ty pho id-i m m unc  animal  may  agglutinate  the  typhoid  bacillus  in 
dilutions  of  I  :  1 ,00<),  and  the  colon  bacillus  in  dihitions  as  high  as  1  :  200 ; 
while  the  agglutinating  power  of  iiormul  scnim  for  the  colon  bacillus 
ransly  exceeds  1  :  20.  The  specificity  <)f  the  ifjictioti  f(»r  practical  pur- 
poses, thus,  is  not  destroyed  if  proper  dilution  is  carried  out,  the  <legrc« 
of  agglutinin  formation  being  always  far  higher  for  the  specific  organism 
used  in  immunization  than  it  is  for  allied  organisms.  The  specific 
immune-agglutinin  in  such  experiments  is  spoken  of  as  the_chief^^ 
glutinin  (liitiipt.^irirliit.inln^  and  the  agglutinins  formed  parallel  with  it, 
as  the  partial  agglutinin  ^metagglutininj  ^  terms  introduced  by  Wasser- 
mann.  Hiss  has  spoken  of  these;  as  major  and  minor  agglutinins.  The 
relative  quantities  of  the  specific  <:hie^  agglutinin  and  partial  agglutinins 
prtisent  in  any  immune  serum  dejM-nd  upon  the  individual  cultures  uned 
for  immunization,  and  the  phenomenon  Ls  probably  dependent  upon 
the  fa(;t  that  certain  elements  in  the  wmplicatctl  bacterial  cell-lx>dy 
may  be  common  to  several  species  and  find  common  retieptors  in  the 
animal  body.  Whenever  an  immune  scrum  agglutinates  a  number  of 
members  of  the  group  related  to  the  snppific  organism  used  for  its  produc- 
tion, the  reaction  is  spoken  of  "groupl^gglutinatJon." 

The  partial  agglutinins  (metaggrtitinins)  have  been  extensively 
Btu{licd  by  CasU^llani '  and  others,  by  a  method  spoken  of  as  the  "ab- 
sorption method."  This  consists  in  the  separate  addition  of  bactt^rial 
emidsions  (agglutinogens)  of  the  various  spttcies  concerned  in  a  group 
agglutination,  to  the  agglutinating  scrum.  In  thb  way,  specific  and  par- 
tial agglutinins  can  be  sepamt^jy  ir-moverl  fnim  the  immune  scrum  by 
absorption — each  by  its  (corresponding  agglutinogen.  In  such  experi- 
ments all  agglutinins  will  \w  removed  by  the  organisms  used  for  im- 

'  Gruber  un<l  Tiwhnm,  Inc.  pit. 

>  CaaitUani,  Zfiila.  f.  Hyg.,  xl,  1902. 
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munization,  a  partial  removal  only  resulting  from  the  addition  of  allied 
struns.  This  method  has  thrown  much  light  upon  the  intimate  relations 
odsting  between  members  of  various  bacterial  species,  and  has  been 
particularly  valuable  in  the  study  of  the  typhoid-colon-dysentery 
'group.  It  is  important  to  mention,  however,  that  "groups"  as  de- 
lermined  by  ^glutination  teRt*)  do  not  always  correspond  to  classi- 
fications depending  upon  morpholt^cal  and  cultural  characteristics. 

An  interesting  phenomenon  of  great  practical  importance,  which 
has  been  noticed  by  a  numlior  of  oliservers,  and  which  may  often  be 
encountered  in  routine  af^luti nation  tests,  is  the  frequent  failure  of  a 
strongly  agglutinating  serum  to  prwluce  agglutination  if  used  in  concen- 
tration, while  in  dilutions  it  produces  a  characteristic  re.action.  This  has 
been  explained  theoretically  by  what  is  known  as  the  "  proagglutinoid 
zone."  It  is  assumed  that  a^lutinins  may  deteriorate  as  do  toxins  and 
be  converted  into  substances  which  are  capable  of  combining  with  agglu- 
linc^ien  without  causing  agglutination.  Such  substances,  as  we  will 
see  in  discussing  Ehrlich's  views  on  the  structure  of  agglutinins,  may 
have  a  stroi^r  at&uity  for  agglutint^en  than  the  agglutinins  them- 
selves, and  are,  therefore,  termed  "proa^lutinoids."  In  strongly 
agglutinating  sera  these  proagglutinoids  may  be  present  in  considerable 
quantities  and  prevent  the  combination  of  agglutinin  with  agglutinc^tn. 
In  dilution,  this  proagglutinoid  action  would  naturally  become  weaker 
and  of  no  actual  significiincc  in  oliscuring  the  reaction. 

Agglutination,  like  other  immune  phenomena,  is  a  manifestation  of 
broad  biological  laws  and  nojl  limited  to  bacteria.  Thus,  as  hemolysins 
are  produced  by  the  injection  of  reti  blood  cells,  so  hem^glutinins,  or 
substances  which  clump  together  red  blood  cells,  are  similarly  formed. 

The  theoretical  considerations  concerning  the  nature  Of  agglutinins 
are  disctiascd  pelow.  together  with  a  similar  section  on  tfie  precipitins. 

PBBCIPITINS' 

R.  Kraus,'  of  Vienna,  demon.strat^'d  that  the  sera  of  animals  im- 
munized against  B.  pestis,  B.  typhosus,  and  Vibrio  cholera,  when 
mixed  wHh  the  clear  filtrate  of  bouillon  cultures  of  the  respective  or- 
ganisms, produce  macroscopic  ally  visible  precipitates.  These  procipi- 
tat«8  occurred  only  when  filtrate  and  immune  serum  were  homologous, 
i.  e..  when  the  animal  from  which  the  serum  had  been  obtained  had  been 
immunized  by  the  same  species  of  microorganism  as  that  which  was 
used  iq  the  test:  it- was  for  this  reason  Kraus  spoke  of  them  as  "specific 
>  Knau,  Wien.  klin.  Woch.,  1807. 
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precipilates."  It  was  evident,  therefore,  thattluring  the  process  of  active 
immunization  with  these  organisms,  a  i^po<^i(if!  ftntilioHv  hai)  [fpnn  prn- 
f^iiced  m  lihr  °"'-""-  "f  'h°  tiFF"*-^  aninp]  whirl,  hopanso  of  its  precipitat- 
ing auahty,  ""■"  -..mo.!  "prfuvipitir,  '^  Thia  peculiar  reachon  was  soon 
found  to  hoid  good,  not  only  for  the  bacteria  used  by  Kraiis,  but  also  for 
other  bacteria,  few  faihng  to  stimulate  the  production  of  specific  precipi- 
tins in  the  sera  of  immunized  animals.  The  phenomenon  of  precipitation, 
however,  is  not  limited  to  bacterial  immunization,  but  has  been  found, 
like  the  phenomena  of  a^lutinatlon  and  lysis,  to  deiicnd  upon  biolog- 
ical laws  of  broad  application.  Thus,  Bordet '  found  that  the  blood 
serum  of  rabbits  treated  with  the  serum  of  the  chicken  gave  a  specific 
precipitate  when  mixed  with  chicken  serum.  Tchistovitch  *  demon- 
strated a  sunilar  reaction  with  the  sera  of  rabbits  treated  with  horse  and 
eel  sera.  By  the  injection  of  milk,  Wassermann,'  Hchutze,*  and  others 
produced  an  antibody  which  prccipit^ited  the  casein  of  the  particular 
variety  of  milk  employed  for  immunization.  The  reaction  was  thu^ 
applicable  to  many  albuminous  substances.  These  substajices,  l>ecause 
of  their  precipitin-stimuiating  quality,  are  called  "precipitinogens." 

Nature  of  Preclpltlm. — The  precipitins,  like  the  agglutinins,  may  be 
inactivatwl  by  heating  to  from  OO  to  70  (?..  [tnH  ean  not  l)e  reactivatwl 
by  the  addition  of  normal  serum  or  by  any  other  known  method. 
Sntrh  inof.l^yiiijHl  pn'cipjtin,  however,  while  unable  to  produce  precipi- 
tates, has  not  lost  its  power  oF  binding  tiie  precipitinogen.  This  is 
shown  by  tne  fact  that  the  mactivatoi  preciiiitin.  when  roixca  with  pre- 
cinitinQgcn.^ill  prevent  HuUseqiiently  addixi  fresh  precipitin  from  caus- 
ing a  reaction,  b'lom  theMelacts  nic  conclusion  has  been  drawn  that 
precipitin,  like  toxin,  is  built  up  of  two  atom  trniups.'  a  stable  hap- 
tophore  and  a  labile  nrccipii"pi'nrf  grnnp)  By  the  destruction  of  the 
latter,  an  inactive,  yet  neutralizing  substance  is  produced  which  is 
spokea  of  as  "precipitoid."-  The  pret^ipitoids,  like  protoxoids,  have 
a  higher  affinity  for  precipitinogen  than  the  unchanged  precipitin,  and 
thus  are  able  to  prevent  the  action  of  these. 

Our  own  opinion  would  rather  incline  toward  regarding  the  pre- 
cipitins as  identical  in  structure  with  sensitizer  or  amboceptor — being 
in  fact "  all>uminolyains  "  in  the  sense  of  Gengou.     This  problem  is  too 

'  BoT^,  Ann.  de  I'inat.  Pasteur,  1899. 

'  TckUlovadi,  Ann.  de  I'inst.  Paeteur,  1899. 

'Wtuscrmanu,  DeiiL  med.  VVoch.,  29,  1900. 

*Sdimze,  Zeit.  f,  Ilyjt.,  IflOl. 

*  KrauB  und  v.  Pirquet,  Ccut.  f.  Bokt.,  Orig.  Bd.  xsxii. 


Digitized  by  Google 


LYSIXS,  AGGLUTININS,  PRECIPITINS,  ETC.  237 

complex  to  be  discussed  in  detail  in  a  summary  of  immunity  as  brief 
as  tbe  one  here  presented, 

8pccificitT.=T-The  specificity  of  precipitins  is  a  question  of  the 
greatest  importance,  since,  as  we  shall  see,  these  bodies  have  been  used 
extensively  for  the  differentiation  of  animal  proteids.  In  regard  to 
bacterial  precipitins  it  may  be  said  that,  just  as  in  a^lutination,  there 
b  ip  precipitation  a  certain  degree  of  "group  reaction."  The  pre- 
c^unT&tained  with  a  colon  bacillus,  for  instance,  will  cause  precipita- 
tion with  culture-filtrates  of  closely  allied  organisms,  though  in  a  less 
marked  degree.  According  to  Kraus,  such  confusion  may  be  easily 
orercome  by  the  proper  use  of  dilution  and  quantitative  adjustment, 
similar  to  that  used  in  agglutination  tests.  Xorris'  found  that  the 
precipitates  given  by  immune  sera  with  the  filtrates  of  the  homoiogoua  ■ 
bacteria  were  invariably  heavier  than  those  given  with  aUied  strains 
and  that  the  latter  could  be  eliminated  entirely  by  sufficient  dilution. 

Specificity  becomes  of  still  greater  importance  in  tbe  forensic  use 
of  the  precipitin  reaction  introduced  by  L'hlenhuth,*  Wassermann  and 
Schutae,'  and  Stem.*  These  authors  found  that  the  precipitin  reaction 
furnished  a  means  of  distinguishing  the  blood  of  one  species  from  that 
of  another.  Thus,  l^ood  spots,  dissolved  out  in  normal  ^It  solution, 
could  be  recognized  by  this  reaction  as  originating  from  man  or  from 
an  animal,  even  after  months  of  dr>'ing  and  In  dilutions  as  high  as  1 :  50,- 
000-  Since  the  value  of  this  test  depends  entirely  upon  the  strict 
specificity  of  the  reaction,  this  question  has  been  studied  with  especial 
care,  notably  by  Nuttall.*  AH  who  have  investigated  the  subject  find 
the  Wily  important  source  of  confusion  in  the  blood  of  the  anthropoid 
apes.  The  specificity  of  the  reaction,  too,  has  been  found  to  depend  very 
closely  upon  the  amount  of  precipitin  in  the  serum  employed.  If  a 
h^ly  immune  serum  is  insufficiently  diluted,  the  reaction  loses  much 
of  itaspecific  value.*  This  source  of  error  is  easily  eliminated  in  practice 
by  careful  control  and  titration  of  the  sera  used  for  the  tcst^. 

Unlike  agglutinins,  precipitins  have,  so  far,  iir^x.  iicen  demonstrated 
in  normal  sera.' 

'  -Vorm,  Jour,  Inf.  Die.,  i,  3,  1904. 

'  UhUnhvlh,  Deut.  med.  Woch.,  xlvi,  1900;  vi  and  xvii,  1901. 

'  Wassermann  und  SchiiUe,  Berl.  klin.  Woch.,  vi,  1901. 

•Stem,  Deut.  med.  Woch.,  1901. 

'NuOaU,  Brit.  Med.  Jour.,  i,  1901;  ii,  1902. 

*  Hitter  uad  Wolff,  Zeit.  f.  Medisinal-Beainte,  1902. 

''Kraus,  loc.  eit.,  and  NorrU,  loc.  cit. 
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Theontical  OonBideratiotiB'  nanMrning  Aj^f^nthum  md  PrecJyitiiu. — 
We  have  seen    that  Ebrlich  evolved  his  theories  of  antibody  fonna- 
tion  from  his  eariy  views  upon  the  absorption  of  nutritive  substances  by 
the  body  oells,  and  we  have  followed,  in  more  or  less  detail,  the  steps  of 
his  reasoning  as  he  developed  his  hj'pothesis  in  its  application  to  the 
antitoxic  and  the  htic  substances.    There  still  remained  the  agglutinins 
and  precipitins,  bodies  which  because  of  their  individual  charaetcris- 
ties  can  be  clast*ed  neither  with  the  group  of  antitoxic,  nor  with  that  of 
the  lytic  substances.    These  two  antibodies,  while  by  no  means  identical, 
^^^jCtiri'*--  poaaesa  the  common  charactcriatics  of  being  more  thermostable  than  the 
^V  •*-■*"  bacteriolytic  aubatances,  and  of  being  insusceptible  to  reactivation  by 
normal  serum.     It  is  plain,  therefore,  itiat  i>otn  agglutmatmg  and 
.  precipitatmg  reactions  take  place  without  the  co-operation  of  comple- 
ment.   The  substances  which  give  rise  to  precipitins  and  agglutinin?; 


Cdl  used  For  immunising 
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moreover,  are  not  of  the  relatively  simple  soluble  character  of  the  toxins, 
but  are  intrinsic  portions  of  complex  albuminous  molecules,  comparable 
to  and  often  identi«ral  with  the  true  nutritive  substances.  For  these 
reasons  Ehrlich  believes  that  the  cell-receptors  for  the  various  substances 
which  give  rise  to  agglutinins  and  precipitins  are  neither  of  the  simple 
stnicture  of  the  toxin  receptor,  nor  of  the  donble-haptophore  nature  of 
the  bacteriolytic  receptor.s,  but  contain  a  single  haptophore  group  for 
the  anchorage  of  the  ingesteil  material  and  at  the  same  time  a  constantly 
attached  zymophoi-c  group  or  ferment  hy  means  of  which  the  an- 
chored substance  is  transformed  preparator.-  to  its  absorption  by  tJie 
cell  protoplasm.  For  the  sake  of  clearness,  tliis  form  of  recept-or  may 
be  compared  to  a  bacteriolytic  or  hemolytic  amboceptor  with  a  per- 
manently attached  and  inseparable  complement. 

Three  fonns  of  iycei>tors.  then,  are  propo-sefl  hv  Fhrli,-h  in  P->;plB»«- 
tion  of  all  knowii  varielies  of  anlilKidie.-<.    The  first,  the  simplest  side 
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chaias  of  the  body  cells,  he  calls  "  recei^t-yrn  nr  hnpLincsof  the  first  onlrr." 
Thf.';.-'  nvcmrncliicpii  anH  oast  off,  constitute  the  antitoxin  and  aiitifcr- 
inent!?.  Xcxt  "  haptincs  of  the  second  order"  arc  the  rceeptors  planned 
both  ■for  the  anchgra^e  and  further  digestion  of  antigcna.  These,  free 
in  the  circulation,  are  the  precipitins  and  agglutinins.  "  Ilaptines  ur 
receptors  of  the  third  order  "  are  mprely  able  to  anchor  a  suitable  sub- 
stance, but  exert  no  further  action  upon  it  until  re-enforcett  by  the  com- 
plement normally  present  in  the  serum.  These,  free  in  the  circulation, 
with  a  chemical  group  having  avidity  for  the  antigen,  and  another 
complenif>ntophilo  group,  are  the  ambocentora  or  immune  bodies  of 
bacteriolytic,  cvtolytic^  and  hemolytic  sera/     (See  Fig.  G2.) 

It  is  plain  that  all  these  receptors  while  still  parts  of  their  respec- 
tive cells,  ser\'e  by  their  chemical  affinity  to  attract  and  hold  the  foreign, 
substances  injected;  freely  circulating,  on  the  other  hand,  they  serve 
in  preventing  these  substances  from  reaching  the  celb.  As  Behring 
has  aptly  e.\pressed  it,  the  very  elements  which  situated  in  the  animal 
cells  render  the  body  susceptible  to  toxic  substances  serve  to  protect 
fthen  circulating  freely  in  the  blood. 

Bonlet,'  at  present  the  strongest  antagonist  of  Ehrlich's  point  of 
view,  claims  that  the  conception  of  Ehrlich  rests  upon  the  basis  of  a 
number  of  undemonstrated  hypotheses.  He  asserts,  and  with  justice, 
that  it  has  never  been  shown  beyond  question  that  the  antibodies, 
free  In  the  serum,  are  identical  with  the_  receptors  of  the  body  cells 
upon  which  the  antigen  originally  acts. 

In  regard  to  agghitinins,  Ehrlich,  as  we  have  seen,  believes  that  it  is 
the  agglutinin  its:'!f  which,  first  uniting  \vith  its  antigen  by  its  hap- 
tophore  group,  then  rauw:s  clumping  by  its  zjinophore  group.  Xow, 
a--  !i  matter  of  fact,  Boi-dot'  hiij  shoi^Ti  that  it  is  not  the  agglutinin  itself 
v.-hich  agglutinates,  but  that  agglutinin  with  its  antigen  forms  a  com- 
plex which  k  then  ajglutinable  by  the  salt  present  in  the  solution.  This 
conclusion  seem.'i  borne  out  by  the  later  work  of  Gcngou,'  Laiidsteiner 
and  Jagic,*  and  others,  who  have  shown  that  bacteria  which  have  ab- 
sorbed other  substances,  such  fis  uranium  compounds,  colloidal  silicic 
acid,  etc.,  are  subsequently  agglutinahle  by  salts.  In  consequence, 
from  these  and  other  obscry aliens,  Bordet  concludea  that  it  is  neither 
nc?es!<ary  nor  accurate  for  tho  e.\planatioiKof  these  phenomena,  to 

I  Borikl.  Iti'-siitn-?  of  Iramiinity  in  Bordct's"  Studies  in  Immunity,"  tranal.  hyGaj, 
Wiley  k  ri:,iu.  \»tA. 

'  n-iflfl.  .Ann.  de  I'inst.  Pasteur,  1899.  '  Gengou,  Aonal.  Past.,  190-1. 

.  LaiLl'i-.-n^r  laid  Jaaic.  Wieii.'klin.  Woch.,  iii,  1904. 
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assume  the  conditions  conceived  by  Ehrlich,  but  that  the  phenomenon 
o[  agglutination  consists  primarily  of  the  union  of  the  antibody  with  its 
antigen  in  a  colloidal  suspension,  and  that  the  actual  subsequent  agglu- 
tinatiun  is  a  purely  secondary  phenomenon  which  depends  possibly 
upon  a  change  in  the  physical  properties  of  the  emulsion — upon  "it« 
colloidal  stability."    A  similar  condition  he  assumes  for  precipitins. 

Without  Ix^ing  able  in  the  limited  space  available  to  go  into  a  de- 
tailed discussion  of  the  lai^  volume  of  work  which  has  appeared  on 
this  subject,  we  may  say  that  it  is  our  opinion  at  present  that  the  evi- 
dence largely  points  tn  the  direction  indicated  by  Bordet,  namely,  that 
the  essential  feature  of  all  these  reactions  is  the  specific  union  of  an 
antigen  with  its  antibody,  that  thereby  the  physical  or  chemic^  con- 
dition of  the  antigen  is  so  changed  that  it  now  becomes  less  stable  and 
is  agglutinated  or  precipitated  by  such  physical  influences  as,  for  in- 
stance, the  presence  of  an  electrolyte.  The  work  of  Neisser  and  Fried-  ' 
mann  ^  has  shown  that  bacteria  that  have  absorbed  agglutinin  are 
agglutinated  by  concentrations  of  salt  far  less  than  is  necessary  to  f^- 
glutinate  or  precipitate  the  normal  bacteria. 

Our  own  opinion,  set  forth  in  a  number  of  experimental  studies, 
would  go  even  further  than  this.  We  incline  to  the  behef  that  all 
antibodies,  including  the  so-called  amboceptors  or  sensitizers  that  take  ■ 
part  in  the  phenomena  of  lysb  and  bactericidal  action  are  essentially 
of  one  type ;  that  the  fundamental  phenomenon  is  the  union  of  the  anti- 
gen with  the  specific  antil»ody  or  its  "sensitization;"  that  by  such  sen- 
sitization the  antigen  is  now  rendered  on  the  one  hand  more  easily 
^^utmable  or  precipttable,  on  the  other  may  be  rendered  more  amen- 
able to  the  action  of  the  alexin  or  complement  or  to  phagocytosis. 
The  agglutination  and  precipitation  phenomena,  moreover,  are  merely 
evidences  of  the  fact  that  these  sul>3tances  are  in  colloidal  suspension 
and  are  influenced  by  agencies  which  produce  precipitations  in  such 
suspension.  It  is  interesting  to  note  in  this  connection,  also,  that  bac- 
teria in  neutral  suspension  carry  negative  charges  which  can  be  weak- 
ened by  sensitization  with  serum  and  weakened  or  reversed  by  the 
addition  of  acid.    These  points  tend  to  strengthen  such  a  point  of  view. 

The  degree  of  acidity  necessary  to  reverse  the  normal  nt^tive 
charge  of  bacteria  corresponds  roughly  to  that  at  which  growth  is  inhib- 
ited. This  has  led  me  to  speculate  whether  or  not  vitality  of  bacteria 
and  the  negative  charge  may  be  related. 

>  iVeiMier  and  Friedmann.  MUnch,  med.  Woch.,  1904,  IJ.  466-827. 
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FURTHER   FACTS  AND  THEORIES    COHCERHINa  ANTIBODIES 
AND   COMPLEMENT 

Multiplicil?  of  Amboceptors. — Fresb  normal  serum,  as  Nutt&ll  ■  was 
first  to  hIiow,  possesses  moderate  bactericidal  powers  which  are  lost 
whcn.'the  serum  is  subjected  to  heat.  Since  such  inactivated  normal 
serum  can  lie  reactivated  by  the  addition  of  fresh  peritoneal  exudates,* 
it  is  plain  that  the  bactericidal  power  of  normal  serum  must  depend, 
like  that  of  inunime  serum,  upon  amboceptor  and  complement.  But 
normal  aerum  often  exerts  lytic  powers  upon  several  species  of  bacteria, 
or,  in  the  case  of  hemolytic  tests,  upon  the  red  blood  cells  of  several 
species  of  animals.  It  is  supposed  that  this  multiplicity  of  action  is 
due  to  the  presence  in  the  normal  serum  of  a  variety  of  different  ambo- 
ceptors or  immune  bodies.  The  method,  for  proving  this  was  devised 
by  Ehrlich  and  Moi^enroth.*  They  worked  with  normal  goat's  serum, 
'  which  has  the  power  of  hemolyzing  the  red  blood  cells  of  guinea-pigs 
as  well  ais  those  of  rabbits.  Goat  serum,  inactivated  by  heat,  was 
mixed  with  rabbits'  corpuscles.  After  the  mixture  bad  been  allowed 
to  stand  for  a  short  time,  the  corpuBcles  were  removed  by  centrifugidi- 
zatioQ.  The  serum  was  then  reactivated  and  found  still  to  possess  its 
hemolytic  power  for  guinea-pigs'  blood,  but  to  have  lost  this  power  for 
rabbits'  blood.  By  a  similar  technique,  Pfeiffer  and  Friedberger  *  were 
able  to  demonstrate  the  multiplicity  of  bactericidal  immune  bodies  in 
normal  sera. 

The  immunity  acquired  by  an  animal  as  the  result  of  treatment  with 
any  of  .the  various  antigens  is  specific.  An  animal  immunised  ag^nst 
the  cholera  vibrio,  for  instance,  possesses  marked  bactericidal  powers 
for  the  cholera  vibrio  only. 

The  essential  fact  to  be  remembered  is  that  the  amboceptor  or  im- 
mune body  alom  enters  into  direct  relation  with  the  sultstance  used  for 
immunization,  and  the  specificity  of  immune  sera  therefore  depends  en- 
tirely upon  the  increase  of  amboceptor  or  imraime  body. 

Von  Dungem,^  indeed,  was  able  to  show  that  though  specific  nmlw- 
ceptor  was  increased  as  immunity  was  acquired,  there  was  no  corre- 
sponding enhancement  of  the  complement.  The  chief  difference  be- 
tween a  normal  and  an  immune  serum  in  this  respect,  therefore,  con- 
sists in  an  enormous  increase,  in  the  latter,  of  the  specific  amboceptor. 

'  Nutttdl,  loc.  cit.  '  Moxter,  Cent.  t.  Bakt.,  xxvi,  1896. 

'Ehrlich  unil  Morgenrolh,  Berl.  klin.  Wi>ch.,  1901. 
*  I'fciffcr  ui>d  FriedUrgcr,  Deut.  med.  Woch.,  1901. 
'  V.  Dungem,  MUiich.  med.  Woch.,  xx,  1900. 
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MultlpUGitT  of  the  CompleiiMDt. — A  number  of  very  complicated  ex- 
periments have  been  carried  out  by  Ehrlich,  Mor^enroth,'  Sachs,*  and 
others,  which  seem  to  show  that  the  same  serum  may  contain  a  variety 
of  complements.  Similar  conclusions  have  been  drawn  by  Wechaben? ' 
and  by  Wasserm&nn/  who  demonstrated  separate,  complements  for 
bactericidal  and  hemolytic  amboceptors  in  the  same  serum.  Bofdet ' 
and  his  school,  on  the  other  hand,  deny  the  multiplicity  of  the  comple- 
ment, and,  baang  their  views  upon  numerous  experimental  data,  contend 
that  any  given  serum  contains  but  one  alexin  or  complement.  Bucbner 
and  Gniber  share  the  views  of  Bordet,  and,  in  the  light  of  recent  work, 
especially  with  cwnplement  fixation  (see  below),  it  seems  more  likely 
that  one  and  only  one  alexin  exists  in  any  given  serum. 

Antioomplwnunta  and  Inttemboceptws. — Antihemolytu  Action. — 
There  are  many  agencies  which  seem  Ui  interfere  with  the  activities  of  a 
hemolytic  system  or  of  any  antigen-antil>ody-alexin  complex.  The  so- 
called  anti-complements  are  many,  complement  action  being  inhibited 
by  many  non-specific  substances  such  as  bacterial  protein,  yeast,  col- 
loidal suspensions  of  acid,  colon  suspensions,  etc.  While  these  are 
chiefly  of  theoretical  interest,  there  are  other  anticomplementary  actions 
which  are  exerted  by  lipoids  and  globulins  of  the  serum.  Noguchi  has 
demonstrated  a  Upotdal  substance  in  many  normal  sera  which  directly 
inhibits  the  action  of  complement  and  is  thermostable.  Browning, 
Zinsser  and  Johnson  and  others  have  shown  that  anticomplementary 
action  which  develops  in  normal  sera  on  standing  is  referable  to  the 
globulins  of  the  sera  but  is  a  thermolabial  action  wliich  can  be 
ronoved  by  inactivation. 

Hemolytic  sera,  having  the  power  of  destro^ng  red  blood  cells, 
must  necessarily  prove  in  the  presence  of  sufficient  complement  to  be' 
powerfid  poisons  when  introduced  into  animals  whose  corpuscles  they 
are  able  to  injure.  By  careful  and  gradual  dosage  with  such  hemolytic 
sera,  Ehrlich  and  Morgenroth;'  as  well  as  Bordet,'  have  been  able  to 
produce  immunity  against  the  hemolytic  action.  ThuM  antihemolytic 
sera  have  been  produced,  the  action  of  which  may  depend  either  upon 
the  presence  of  anticompleipent  or  of  antiamboceptor.  The  presence 
of  anticomplement  in  such  sera,  it  is  believed,  has  been  demonstrated 

«  EhrUeh  urd  MorgenriMi,  Berl.  kiin.  Woch.,  1900. 

"  BkrHch  und  8ach*,  Berl.  Win.  Woch..  1902.  '  Wefhdterg.  Zeit.  f.  HyR.,  1902. 

*  Wattermaim,  Zeil.  f.  Hyg.,  1901.     '  Bordei,  Ann.  de  I'inat.  Paateur,  1900  A  1901. 

*  EkrHek  and  Morgenmlh,  Berl.  klin.  Woch..  xxxi,  1900. 
'  BonUt,  Ann.  de  I'inst.  Paateur,  t.  14,  1900. 
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by  mixing  inactivated  iiemolytic  serum  with  ita  respective  red  blood 
cells,  then  adding  the  antiserum  and  later  complement.  After  cen- 
trifugalization  and  separation  of  the  corpuscles,  these  may  be  dissolved 
by  the  addition  of  fresh  complement.  This  proves  conclusively  that 
there  was  no  obstacle  in  the  original  mbcture  to  the  absorption  of  the 
immuhe  body  by  the  red  blood  cells,  and  that  the  antihemolytic  prop- 
erties of  the  serum  must  be  attributed  to  an  anticomplement.  This 
was  the  method  of  experimentation  employed  by  Ehrlich  and  Morgen- 
roth.'  Antiamboceptors  have  been  produced  by  the  same  authors  as 
well  as  by  Bordet '  and  Miiller,'  against  hemolytic  amboceptors, 

Ctnnplenwntoids. — Ehrlich  and  Morgenroth  and  MUUcr  have  suc- 
ceeded in  producing  anticomplementa  by  the  treatment  of  animals  with 
normal  heated  serum.  They  explain  tliis  by  a-ssuming  that  the  heating 
has  not  entirely  destroyed  the  complement  in  the  normal  serum,  but 
that  this,  anal(^ous  to  toxin,  possesses  two  groups,  a  haptophore  and  a 
zymophore  group.  Heating  destroys  the  zymophore  without  affecting 
the  haptophore  group.  The  resulting  body,  which  eorresponilH  to 
toxoid,  they  call  "eomplemcntoid." 

Further  evidence  for  tiie  existence  of  such  complementoids  has  been 
claimed  by  Ehrlich  and  Sachs  *  in  working  with  dc^  scrum.  Unhealed 
d(^  serum  hemolyzes  guinea-pig  corpuscles.  Heated  to  52  dt^rees  C. 
for  thirty  minutes,  it  no  longer  hcmolyzes  these  corpuscles  owing  to 
complement  destruction.  Such  heated  dog  serum  can  be  reactivated 
by  fresh  guinea-pig  serum  (complement).  If,  however,  the  corpuscles 
are  left  in  contact  with  the  heated  do^  blood  for  two  hours,  reiictivation 
by  the  guinea-pig  sonim  no  longer  occurs — that  is,  the  addition  of  guinea- 
pig  serum  no  longer,  causes  hemolysis.  They  conclude  from  this  that 
the  hemolytic  amlwceptor  of  the  dog  seriun  hsis  been  attached  by  its 
complementophile  group  to  complementoids  produced  in  the  heating — 
leaving  no  point  of  attachment  for  the  complement  added  later.  Thc^sc 
experiments  have  failed  of  confirmation  by  Gay  ''— wlio  with  Bordet  de- 
nies the  existence  of  complementoids. 

Muir,  on  the  other  hand,  claims  to  have  demonstrated  the  existence 
of  complementoids  by  experiments  too  complicated  to  be  <lctaile<i  in 
this  place.  The  question  of  complementoids  must  Ix;  left  undcci<lcd  until 
further  work  has  been  done. 

'  EhrJith  unH  Morgenrolh,  loc,  cit, 

' Bor«te/,  loc.  cit.  'P.  n.  Mutter,  Cent.  f.Bakt.,  1901. 

'  Ehrlich  tmti  SadtK,  "Ehrlich  Collected  Studies  on  Immunity,"  traits,  by Boldiutu. 
'Gay,  Cent.  f.  Bakt.,  I,  xxxix,  190.5. 
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Other  Facta  dmewDiag  CompI«m«nt. — Muir  and  Browning  have 
shown  that,  on  the  filtration  of  serum,  amboceptor  or  immune  Imdy 
will  pass  through  the  filter,  whereas  alexin  or  complement  ia  held  back. 

This  retention  of  complement  by  filters  occurs  only  when  new  filters 
are  used,  and  it  is  our  opinion  that  this  is  probably  due  to  absorption 
or  complement  by  the  finely  divided  substances  which  make  up  the 
filter  and  not  due  to  retentioD  because  of  the  large  size  of  the  comple- 
ment molecule. 

Complement  can  be  inactivated  by  shaldn;;  as  well  as  by  heat  when 
diluted  1  :  10  and  shaken  for  about  20  minutes  in  salt  solution.  Ac- 
cording to  Gramenitski  it  is  spontaneously  partially  reactivated  on 
standing. 

Complement  is  dependent  upon  the  total  volume  of  the  mixture  in 
which  it  acts,  i.e.,  upon  concentration,  the  same  actual  quantity  of 
complement  actii^  more  strongly  in  higher  than  in  lower  concentrations, 
this  Dot  beii^  true  of  amboceptor  or  sensitizer  which  acts  in  direct 
proportion  to  ita  actual  quantity  independent  of  the  concentration. 

Complement  is  inhibited  by  hypertonic  salt  solution  and  can  be 
preserved  in  15-25  per  cent  salt  concentration  for  weeks  in  the  icebox, 
resumii^  its  activity  when  diluted  to  isotonicity  with  distilled  water. 
Rpmov^  of  salt  by  dialysis  or  other  means  of  globulin  precipitation 
divides  the  complement  into  two  tractions,  the  globulin  fraction  and 
the  albumin  fraction,  neither  of  which  will  act  alone,  but  which  to- 
gether possess  the  properties  of  undivided  complement.  The  globulin 
fraction  attaches  directly  to  the  sensitized  cells  and  is  therefore  spoken 
of  by  German  investigators  as  "mid-piece."  The  albumin  fraction 
acts  upon  the  sensitized  cells  only  after  attachment  of  the  globulin 
fraction  and  is  therefore  spoken  of  as  "end-piece." 

The  Fiiation  of  Complement  by  Precipitates. — It  has  been  found  by 
Oengou  '  and  confirmed  by  Moreschi,  Gay,  *  and  others,  that  when  the 
scrum  of  an  animal  immunized  with  the  serum  of  another  species  or 
with  a  foreign  albumin  is  mixed  with  a  solution  of  the  substance  used 
in  the  immunization,  the  precipitate  formed  will  remove  complement 
from  the  mixture.  In  other  words,  precipitates  formed  by  the  reaction 
of  precipitin  with  its  antigen  will  fix  complement.  This  is  of  great  im- 
portance in  complement-fixation  tests;  for  because  of  insufficient  wash- 
ing, the  blood  cells  used  in  producing  the  hemolytic  amboceptor,  may, 
from  the  presence  of  serum,  give  rise  to  a  precipitin  as  well  as  a  hemo- 

"  Oengou,  Add.  Past.,  1902.  >  Gay,  Cent.  f.  Bakt.,  I,  xxix,  1905. 
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lyisin.  In  the  t^'st  done  Rubsequcntly,  a  precipitin  reaction  may  take 
place  and  by  thu8  removing  complement  may  give  a  false  result.  The 
absorption  of  complement  by  such  precipitates  takes  place  when  the  two 
reacting  factors,  the  precipitin  and  its  antigen,  are  in  dilution — so  hi^ 
a  visible  precipitate  can  not  l>e  observed.  This  fact,  together  with 
others  too  complicated  to  be  discussed  in  this  place,  have  led  us  to  the 
belief  that  the  so-called  precipitins  are  true  sensitizers,  exerting  toward 
unformed  proteins  the  same  function  that  the  so-called  sensitizer  or 
amboceptor  exerts  toward  cellular  formed  antigens.     (See  p.  241.) 

Quantitative  R«I»tloiuhip  B«twMii  Amboceptor  and  C<mipleinent. — 
Moii?enroth  and  Sactis  '  have  succewied  in  showing  that  within  certain 
limits  an  inverse  relationahip  exists  between  these  two  bodies.  If  for 
a  given  quantity  of  red  blood  cells  a  certMn  quantity  of  amboceptor 
and  complement  suffices  to  produce  complete  hemolysis,  reduction  of 
fither  the  complement  or  the  amlwceptor  necessitates  an  increase  of  the 
<itlier  factor.  As  amljoccptor  is  increa.scd,  in  other  words,  complement 
may  \k  reduced  and  vice  versa.  This  result  is  of  great  importance  in 
ai^uing  against  the  original  conception  of  Ehrlich  in  supposing  these 
substances  to  act  together  unit  for  unit. 

Daviatkm  of  the  Complement  (ComplemenVAblenkung). — It  was 
r  and  Wechsberg'  that  in  mixing  together  bacteria, 
inactivated  bactericidal  immune  serum  (immune 
f  body),  and  complement  in  the  test  tube,  a  great 
I  excess  of  immune  body  hindered  rather  than  hdped 
bactericidal  action.  As  the  amount  of  immune 
!)ody  in  the  mixture  was  carried  beyond  the 
experimental  optimum,  bactericidal  action  became 
less  and  less  pronounced,  and  was  finally  com- 
letely  suspended.  They  explain  this  by  assuming 
that  free  immune  body,  uncombincd  with  comple- 
ment, has  a  greater  affinity  for  the  bacterial  receptor 
LI   (J    U  than   the   immune   body  combined   with    comple- 

— nry^xK'NBv'W— 1  mint  The  complement  is  consequently  diverted 
^  J,  41^      anil  prevented  from  activating  the  amboceplor  at- 

t  u  hed    to    the    bacterial    cell.      Graphically,   the 
conditions  niij  l>o  illiiotrated  as  follows: 

1  h(  above  theory  of  NtisHcr  and  Wechsberg  is  here  stated  simiriy 

'  Vorgenrotk  und  Saclu  Gcbammel.  Arb.  f<lr  Inunuait&taforechung."  Berlin, 
Hirschwuld  1004 

■  Neaaer  uud  Wcctuberg,  MUnch.  nted.  Woch.,  xviit,  1001. 
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because  of  the  wide  diecuesion  it  has  aroused.  In  the  light  of  our 
present  knowledge  concerning  the  relations  between  ant^eii,  ambo- 
ceptor, and  complement,  their  conception  b  obviously  erroneous. 

nntion  <tf  tha  Complement— Bordet  and  Gengou'  ia  1901,  devised 
an  ingenious  method  of  experimentation  by  which  even  very  small 
quantities  of  any  given  immune  body  (amboceptor)  can  be  demon- 
strated in  serum.  The  term  "fixation  of  complement,"  by  which  their 
method  of  investigation  is  now  generally  known,  explains  itself,  as  the 
steps  of  experimentation  are  followed.  They  prepared  the  following 
mixtures: 

W  (b) 

Bacteriolytic  amboceptor  Normal  serum,  heated 

(Plague  immune  geram,  keaUd) 

+  + 

Plague  emulsion  Plague  emulsion 

■    +  + 

Complement  Complement 

(Fnth  normid  «rwn)  {Freith  Ttormal  gerum) 

To  both  of  theae  after  five  hours  was  added 

Hemolytic  amboceptor 

{Healed  hemolytic  serum) 

+ 

Red  blood  cells 

Results: 

<a)  showed  no  hemolysis. 
(b)  showed  hemolysis  +. 

The  conclusion  to  be  drawn  from  this  was  that  in  (a)  the  presence 
of  immune  body  had  led  to  absorption  of  all  the  complement.  In  (h), 
there  being  no  bacteriolytic  immune  body  to  sensitize  the  bacteria  and 
enable  them  to  absorb  complement,  the  latter  substance  was  left  free 
to  activate  the  subsequently  added  hemolytic  amlxweptors.  The 
Bordet-Gengou  phenomenon  has  l)een  extensively  used  by  Wds.«!omiann 
and  Bruck,*  Neiseer  and  Sachs,*  aud  others  to  demonstrate  the  presence 
of  immune  bodies  in  various  sera.    (See  p.  262.) 

It  should  be  noted  that  this  method,  if  valid,  must  presuppose  the 
identity  of  the  hemolytic  and  bactericidal  complement  in  the  activating 
serum. 

Complement  fixation  will  be  more  extensively  discussed  in  the  sec- 
tion dealing  with  the  Wassermann  reaction. 

'  Bitrdel  et  Geni/o»,  Ann.  de  I'inst.  Pasteur,  1901. 

*  Waaaermartn  und  Brwk,  Med.  Klin.,  lUO.";. 

•  Netner  und  Sachx,  Berl.  klin.  Woch.,  xliv,  1905.  and  i,  1906. 
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The  Spedfldt?  <rf  HemolyBilu. — In  the  sections  preceding  we  have 
seen  that  the  blood  cells  of  one  animal,  injected  into  an  animal  of  an- 
other species,  give  ri&e  to  a  hemolytic  substance  in  the  blood  serum  of 
the  second  animal,  which  is  strictly  specific  for  the  variety  of  cells  in- 
jected. Such  hemolysins,  when  produced  in  one  animal  agaiiuit  blood 
cells  of  another  species,  are  spoken  of  as  helerolysins.  In  studying  the 
nature  of  hemolysis,  Ehriich  and  Morgenroth '  now  discovered  that 
hemolysins  could  also  be  produced  if  an  animal  were  injecti'd  with  red 
blood  cells  of  a  member  of  its  own  species.    Such  hemolytic  substances 


Together  at       ' 
37.50C. 
for  oneliour ' 


--Red  blood  cell 

li  (2)   present,  no  baemolysia. 
\i  (2)  not  present,  naemolysis. 


they  called  isolysins.  In  their  experiments  they  injected  goats  ivith 
the  washed  red  blood  corpuscles  of  other  goats  and  found  that  the 
serum  of  the  recipient  developed  the  power  of  causing  hemolysin  of 
the  red  blood  cells  of  the  particular  goat  whose  blood  had  Imh-u  used 
for  injection.  It  di<i  not,  however,  possess  the  power  of  producing 
hemolysis  in  the  blood  of  all  goats,  nor  did  it  produce  hemolysis  with  the 
red  corpuscles  of  its  own  blood.  It  is  thu,s  shown  that  the  spyeeificity 
of  the  hemolysins  extends  even  within  the  limits  of  species,  and  is,  to 
a  certain  extent,  an  individual  property. 

The  production  of  aulolysins,  that  is,  of  substances  in  the  blood 
serum  which  will  produce  hemolysis  of  the  individual's  own  corpuscles, 
has,  so  far,  been  unsuccessful. 

■  Ehrlick  und  Morgenroth,  Berlirit^r  klin.  Wuch.,  xxi,  1900. 
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Ehrlich  and  Morgenroth,  in  the  course  of  these  experiments,  further- 
tnore  succeeded  in  showing  that  the  injection  of  isolysins  into  animals 
produced  antiisolysins,  and  that  these  again  were  strictly  specific. 

The  almost  universal  failure  of  autolysin  production  has  found  no 
satisfactory  explanation.  It  is  supposed  by  Elhrlich  and  Morgenroth 
that  the  failure  of  autolysin  production  may  be  due  to  a  lack  of 
suitable  receptors  in  the  animal  for  its  own  cells. 

The  clinical  significance  of  the  presence  of  isolysins  and  possibly  of 
autolysins  in  human  beings,  is  too  evident  to  require  much  discus.'^ion. 
A  practical  and  extremely  interesting  result  which  these  investigations 
have  yielded  is  that  of  Donath  and  Landsteiner,'  who  discovered  an 
autolysin  in  the  blood  serum  of  patients  suffering  from  paroxysmal 
hemoglobinuria.  In  these  cases  the  sensitizing  substance  or  ambo- 
ceptor appeared  to  be  absorbed  by  the  red  blood  cells  only  at  low  tem- 
peratures— probably  in  the  capillaries  during  exposure  to  the  cold,  and 
hemolysis  subsequently  resulted  in  the  blood  stream  by  the  action  of 
complement.  These  oliservntions  have  been  confirmed  by  other  writ- 
ers, but  the  phenomenon  is  surely  not  present  in  all  cases  of  paroxysmal 
hemoglobinuria.  Tlie  writers  have  had  occasion  to  examine  carefully 
several  clinically  typical  cases  with  nt^ative  results. 

'  Donath  imd  Landsteiner,  MUDch.  med.  Wocb.,  xxxvi,  19CNL. 


Digitized  by  Google 


CHAPTER  XVI 
THE  TECHNIQUE  OF  SERUM  REACTIONS 

Obtaining  S«rum  from  AnJmalg  and  Han. — To  obtain  blood  Benun 
from  man,  the  blood  may  Ih'  taken  from  the  finger  or  the  ear,  either 
into  a  stjirile  ceiitrifuRo  tube  or  into  a  Wright  capsule.  Wtien  taken 
into  a  oentrifugp  tulio,  the  bliMxi  iw  !Ulow<'(I  to  clot  and  the  serum  sep- 
arated by  cent  rif ligation.  I^ii^er  quaiititie.'i  of  blood  may  be  taken 
with  a  syringes  from  the  median  basilic  vein  and  either  slanted  in  sterile 
test  tubew  in  the  ice  chest  or  put  into  centrifuge  tubes  and  eentrifugalized 
In  ble(Hling  small  Inlwratory  animiils,  a  numt>er  of  methods  may  be 
employed,  depending  upon  the  quantity  of  serum  required. 

The  animals  most  frequently  used  for  laboratory'  purposes  are  r^ 
bits.  To  obtain  small  quantities  of  serum  from  rabbits,  the  animals 
may  be  bled  from  the  msirginal  vein  of  the  ear.  The  animal  is  strapped 
upon  a  tray  and  underneath  it  is  placed  a  rubber  bag  filled  with  warm 
water.  This  is  advised  by  Wadsworth  to  facilitate  the  flow  of  blood. 
The  tray  is  then  phu-ed  upon  an  easel  so  that  the  animal's  head  hangs 
duwnwiirtl.  The  skin  over  the  ear  vein  is  shav<Hl  and  sterilized,  and  a 
Hagedorn  n<'edle  plunged  into  the  vein,  Tlie  blood  is  caught  in  test 
tul>ea  or  centrifuge  tul>es. 

When  lander  quantities  of  IiUmkI  are  desired  it  may  l>e  taken  from 
the  curiitid  artery.  In  rabbits,  the  carotid  may  l>e  found  lying  ju-st 
lateral  to  the  Inichea  and  dee]>ly  pljtccd,  and  umst  l>e  carefully  eeparat^il 
from  the  ]»nenmog:isl  ric  ncrvi"  by  blunt  dissection.  The  distal  end  of 
the  artery  is  tlien  tiinl  off  and  the  proximal  end  temporarily  closed 
with  a  small  elamp.  The  artery  is  then  raised  out  of  the  wound  on  a 
knife  or  forceps  handle  and,  witli  sharp-pointed  scissors,  a  small  in- 
cision is  m:ule  into  but  not  throiigh  the  ves.sel.  A  small  glass  cannula 
is  now  intrwluced  and  tied  into  place  by  a  thre^.  To  this  cannula  a 
smalt  rublxT  tube  fitted  with  a  pinch-cock  should  have  been  attached, 
the  whole  Ix'ing  sterilize<l.  Recently  we  have  dispensed  with  the  etm- 
nuia,  simply  holding  the  vessel  up  with  a  pointed  forceps.  A  laifer 
yii'ld  of  serum  will  be  ohtainc<d  if,  n(t^T  coagulation,  the  clot  is  sep- 
arated from  the  glass  with  a  sterile  platinum  wire. 
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In  obt^aing  blood  from  larger  ammals,  horses,  sheep,  etc.,  a.  cannula 
may  be  introduced  into  the  jugular  or  internal  saphenous  veins.  The 
skin  is  shaved  and  sterilized  and  a  rubber  tourniquet  placed  about  the 
neck  or  thigh,  as  the  case  may  l>e,  in  ordj^r  to  cause  the  vein  to  stand 
out.  A  small  incision  may  be  mode  through  the  skin  over  the  vein,  but 
is  not  necessary.  A  cannula,  with  rubber  tubing  attached,  is  Uien 
plunged  into  the  vein  and  the  blood  caught  in  sterile  high  cylindrical 
jars,  allowed  to  clot,  and  placed  in  the  refrigerator.  The  serum  is  taken 
off  after  twenty-four  to  forty-eight  hours  with  sterile  pipettes. 

Acfflutinfttion  Tests. — For  the  determination  of  the  agglutinating 
power  of  serum  it  is  necessary  to  make  suitable  dilutions  of  the  serum, 
and  to  prepare  an  even  emulsion  of  the  microot^anisms  to  be  tested. 
ITic  test  may  be  made  microscopically  or  jnacroscopically.  The  micro- 
scopic test  is  the  one  in  general  use  in  the  diagnosis  of  typhoid  fever, 
and  is  occasionally  applied  to  some  other  disea.scij.  In  its  application 
to  typhoid  fever  it  is  usually  spoken  of  as  the  GrubiT-Widal  reaction. 

Twelve-  to  eighteen-hour  broth  cultures  of  the  typhoid  bacillus, 
grown  at  incubator  temperature,  may  be  used.  It  is  preferable,  how- 
ever, to  use  an  emulsion  of  a  twelve  to  twenty-four  hour  old  agar  culture 
in  physiological  salt  solution  (0.S5  per  cent).  The  sall>solution  emulsion 
is  made  by  adding  about  10  c.c.  of  normal  salt  solution  to  the  fresh  agar 
slant  culture,  carefully  detaching  the  culture  from  the  surface  of  the 
agar  with  a  flexible  platinum  wire,  and  pipetting  off  the  emulsion  thus 
made.  With  some  microorganisms  it  is  sufficient  simply  to  allow  the 
larger  clumps  to  settle  and  to  pipette  off  the  supernatant  turbid  emulsion. 
With  other  microorganisms,  the  tendency  to  fonn  clumps  makes  it 
necessary  to  resort  to  further  methods  of  sociu-ing  an  even  distriliution 
of  the  bacteria.  This  may  l«!  done  either  by  sucking  the  emulsion  in  and 
out  through  a  narrow  pipette  held  perpendicularly  against  the  bottom  of  ■ 
a  watch  glass,  as  in  Wright's  technique  for  the  opsonic  test  (see  section 
on  Opsonins,  p.  285),  or  by  carefully  rubbing  the  clumps  f^ainst  the 
watch  glass  with  a  stiff  platinum  wire.  In  the  case,  of  the  tubercle  ba- 
cillus not  even  this  suffices,  liut  it  becomes  necessary  to  grind  the  moist 
baeillary  masses  in  a  mortar  In-fore  emulsifying.  With  the  tulwrcio  ba(^il- 
luB,  too,  it  is  preferable  to  use  xalt  solution  at  1.5  per  cent  concentration. 
In  preparing  cultures  of  streptococcus  and  pneumococcus  for  ag- 
glutination tests,  it  has  been  found  convenient  by  Hiss  to  grow  for 
about  four  days  in  flasks  of  a  1%  glucose,  2%  pepton  meat-infusion 
broth,  to  which  has  been  added  1%  of  calcium  carbonate  (p.  126). 
The  calcium  neutralizes    the  inhibiting    acid  formed  in    the    broth 
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by  the  microorganisms  and  permits  the  developmsnt  of  a  mass  culture. 
The  flasks  should  be  shaken  at  least  once  a  day.  The  broth  may  be 
pipetted  off  and  clumps  removed  by  ccntrifugation.  Without  this  tech- 
nique it  is  sometimes  difficult- to  get  sufficient  growths  of  these  bacteria 
for  any  quantity  of  emulsion  unless  large  surfaces  of  agar  are  employed 
in  special  receptacles  or  by  making  many  slant  cultuies. 

The  scrum  dilutions  are  obtained  by  first  making  a  one  to  ten  dilu- 
tion of  serum  with  normal  salt  solution.  The  serum  used  for  this  pur- 
pose is  of  red  blood  corpuscles  by  ccntrifugation.  From  the  1  to  10 
dilution  any  number  of  higher  dilutions  may  be  made,  by  mixing  jpven 
parts  of  the  1  to  10  dilution  with  normal  salt  solution;  thus  one  part 
of  a  1  to  10  dilution  plus  an  equal  quantity  of  salt  solution  gives  a  dilu- 
tion of  1  to  20.  One  part  of  one  to  ten  dilution  plus  two  parts  of  normal 
salt  solution  gives  one  to  thirty,  etc.  It  must  not  l>e  forgotten  that, 
when  equal  parts  of  the  semm  and  bacillary  emulsion  have  been  mixed, 
each  one  of  these  diluticms  is  doubled. 

In  makii^  the  microscopic  agglulimition  test,  equal  quantities  of 
serum  dilution  and  bacterial  emulsion  are  mixed  upon  a  cover-slip. 
The  mixture  may  be  made  cither  by  measuring  out  a  drop  of  each  sub- 
stance with  a  standard  platinum  loop,  depositing  them  close  together 
on  the  cover-slip,  and  mixing;  or  equal  quantities  may  be  sucked  up, 
each  to  a  given  mark,  in  a  capillary  pipette,  mixed  by  suction  in  and 
out,  and  deposited  upon  the  cover-slip.  The  cover-slip  Is  inverted  over 
a  hollow  glass  slide,  the  rim  of  which  has  been  greased  with  vaseline. 
The  drop  is  then  observed  through  a  (Leitz)  No,  7  lens,  ocular  No.  3. 
Macroscopic  agglulinoiion,  preferable  for  exact  laboratory  research, 
is  made  in  narrow  test  tubes  measuring  about  0.5  cm.  in  diameter  and 
about  5  cm.  in  length  (Fig.  60). 

£k]ual  quantities,  usually  1  c.c.  each,  of  serum  dilution  and  emulsion 
are  mixed.  A  series  of  tubes  is  prepared,  in  each  subsequent  one  of 
which  the  dilution  is  higher.  These  mixtures  may  tie  placed  in  the  in- 
ciibator  for  a  few  hours  and  then  kept  at  room  temperature.  After  re- 
moval from  the  incubator  i^y^luti nation  is  in  some  instances  hastened 
by  transference  to  the  ice  chest.  When  agglutination  takes  place  in 
these  tubes,  clumps  of  bacteria  may  be  seen  to  form,  which  settle  to 
the  lx)ttom  of  the  tulw,  very  much  tike  snow-flakes.  The  surface  of 
the  sediment  is  heaped  up  and  irregular.  The  supernatant  fluid  becomes 
entirely  clear.  When  the  reaction  does  not  occur  the  sediment  is  an  even, 
granular  one  with  a  flat  surface,  and  the  emulsion  remains  turbid. 

Instead  of  using  test  tubes  as  described  above,  Wright  liaa  sug- 
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gested  the  use  of  throttle  pipettes  of  comparatively  large  diameter  into 
each  of  which  at  least  three  or  four  different  dilutions  can  be  sucked 
with  a  nipple,  a  small  air  bubble  beii^  left  between  the  mixtures.  By 
sealing  the  distal  end  of  these  pipettes  in  a  flame  the  various  dilutions 
are  kept  at  a  distance  from  each  other,  and  the  pipettes  may  be  set  on 
end  in  a  timibler  and  observed  just  as  are  the  test  tubes  (Fig.  68,  p.  285). 
The  special  methods  of  carrying  out  ^glutination  tests  with  pneumo- 
cocci  have  been  described  on  p.  363. 

Predpitin  ToRts. — In  an  earlier  section  on  precipitins  we  have  seen 
that  precipitates  are  fonned  when  clear  filtrates  of  bacterial  extracts 
or  of  both  cultures  are  mixed  with  their  specific  immune  sera.  Such 
precipitin  reactions  an*  not  limited  to  the  realm  of  bacteria,  but  have  a 
broad  biolt^cal  significance,  in  that  specific  precipitating  sera  may  be 
produced  with  proteidt  of  varied  source. 

For  carrj-ing  out  a  precipitin  twt,  the  following  reagents  are  required: 

1.  A  specific  precipitating  antiserum  (antibacterial  or  antiproteid); 

2.  A  bacterial  filtrate  or  proteicl  solution. 

Production  op  Precipitating  Antisbra.' — Antibacterial  precip- 
itins may  be  produced  in  animals  by  a  variety  of  methods.  Animals, 
preferably  rabbits,  are  injected  with  cultures  of  the  bacteria  in 
gradually  increasing  quantities.  Five  or  six  injections  are  given  at 
intervals  of  from  five  to  six  days,  the  dosage  and  mode  of  administra- 
tion being  adapted  in  each  case  to  the  pathogenicity  of  the  micro- 
organisms in  question.  Myers  *  claims  that  specific  precipitin  for  pepton 
in  the  culture  media  may  be  formed  which  may  lead  to  error.  This 
could  not  be  confirmed  by  Norris.*  The  immunized  miimals  should 
be  bled  about  7  to  12  days  after  the  la.st  injection. 

Precipitating  antisera  against  protein  solutions  are  prepared  by 
idmilar  methods.  The  sera  or  protein  solutions  used  should  be  sterile. 
This  may  be  accomplished  by  filtration  through  small  porcel^n  filters. 
Injections  into  animab  may  be  made  siibcutaneously,  intraperitoneally, 
or  intravenously.  The  subcutaneous  route  has  no  advantages  unless 
the  substances  to  be  used  are  contaminated. 

Nuttall  advises  the  use  of  rabbits.  The  animals  are  weighed  from 
time  to  time,  and  if  considerable  loss  of  weight  ensues,  the  intervals 
should  be  increased.  Doses  from  2  to  5  c.c.  should  be  given.  In 
^ving  the  later  injections  the  danger  of  anaphylaxis  must  be  remem- 

■  R.  Kraua,  Wien.  klin.  Woch.,  1S97;  Adorns,  Jour.  Int.  Dia.,  1  and  3,  1904. 
*Uytrs,  Lancet,  ii,  1900.    *  Norria,  loc.  cit. 
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bered.  A  single  injection  of  a  lat^o  quantity  has  occasionally  yielded 
a  pn^cipitating  nerum  of  considerable  strength,'  but  this  method  is 
not  usually  successful.  Injections  are  made  at  intervals  of  from  five  to 
seven  daj-s.  Seven  to  twelve  days  after  the  last  injection  tlie  animals 
may  be  bled  from  the  ear,  and  a  preliminary  test  made  to  ascertain  the 
precipitating  value  of  the  serum.  If  this  is  insufficient,  more  injections 
may  be  made.  Bleeding  should  be  done  7  to  12  days  after  the  last 
injection.  Such  sera  may  be  preserved  in  the  dark  and  at  a  low  tem- 
perature. If  a  preservative  is  added,  Nuttall  prefers  chloroform  to 
the  phenols,  because  of  occasional  turbidity  produced  by  these. 

Precipitating  antisera  for  tests  should  be  clear.  If  turbid,  the  sera 
should  Im'  filt^-red  through  small  Berkefeld  or  porcelain  candles. 

PrRPARATIOS    of    BACreRtAL    FibTRATKS   ANO    pROTEIN    SOLUTIONS 

FOR  PRKcipirrs  T^.'*Ts. — Bacteria  may  l>e  grown  in  nutrient  broth 
having  an  initial  n-action  of  neutrality  or  five-tenths  p<'f  cent  acidity 
to  phenolophthalein.  The  cultures  are  incubatcnl  for  times  varjing  from 
a  wivk  to  several  months,  and  are  then  filtcnnl  through  porcelain  or 
BTk:'feld  candles  until  perfwtly  clear.  Bacterial  extracts  may  also 
!),>  made  by  emulsifying  agar  cultures  in  salt  solution,  placing  at  37.5"  C. 
in  the  incubator  for  a  week  or  longer,  and  filtering.  More  rapid  ex- 
traction of  Ijaett^ria  may  Iw  accoinplish<Hl  by  repeated,  rapid  freezing 
and  thawing  of  Ralt-.'mliitinn  emulsions,  bysiiaking  in  the  shaking  nia- 
ehine  or  by  centrifugal  Ik  ing,  rubbing  up  the  sediment  with  dry  salt, 
and  the  addition  of  distilled  water  to  isotonicity. 

Protein  solutions  to  l)e  test^-d  should  Iw  mjule  in  salt  solution.  Wlipn 
dealing  with  blo<Kl  stains,  as  in  doing  the  test  for  forensic  purpos<>s, 
the  stains  should  be  dissolved  in  salt  solution,  an  approximate  dilution 
of  one  in  five  hundred  l)eing  aimed  at.  This  solution  if  turbid  should 
be  filtered  through  a  small  porcelain  filter.  It  should  be  clear  and  color- 
less, .show  a  faint  cloud  on  boiling  vrith  dilute  acetic  acid,  and  show 
distinct  froth  wh<^n  shaken. 

When  the  nsaction  is  to  l>e  done  for  determining  the  nature  of  meat 
(detection  of  horse-meat  sulwtitution  for  beef,  etc.),  aliout  20  to  40 
grams  of  the  suspected  meat  are  macerate<l  in  a  flask,  and  covered  with 
100  <!.c.  of  salt  solution.  This  mixture  is  allowed  to  infuse  at  room 
temperature  for  three  to  four  hours,  and  is  then  placed  in  the  refrigerator 
for  twelve  hours  or  more.  At  the  end  of  this  time  2  c.c.  are  shaken 
into  a  test  tulje.    If  profuse  frothing  *  appears,  the  extract  is  rea<ly  for 

'  WicAnWiK,  l)oiit.  mrtl.  Woch.,  1902. 

'  /'.  Tk.  Malkr,  "Tcitlitiik.  d.  KcroiliagmH,  Methodea." 
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me.  It  is  then  filtered  clear,  either  through  paper,  or  through  a  Buchner 
or  Nutsche  filter.  Berkefold  filters  may  also  be  used.  The  solution  m 
then  diluted  until  the  addition  of  concentrated  HNO3  produces  only  a 
slight  even  turbidity.  Before  ua<>  the  reaction  of  the  moat  extract 
shouhl  Im-  tested,  and  if  necessary  adjusted  to  neutrality  or  slight  acidity 
or  alkiilinity. 

In  the  actual  test  with  bact>!ria!  filtrate,  the  procixlurc  is  as  follows: 
In  a  series  of  narrow  ti.'st  tubes,  the  following  mixtures  are  made: 
Tube  1.  Anlibictonut  Moruiii  />  r.n.  +  liitclcriiil  liltnita  1.  c.e. 

"      2.  Nortpiil  Forum  .5  f.c.  +  bjintcrial  filtrate  1.  c.c. 

"      3.  AnlitKiFterisi  seruni  .5  c.c.  +  salt  solution         1.  c.c. 

"      4.  Salt  solution  .h  c.c.  +  bactcriul  liltrul«  1.  c.c. 

Place  the  tubes  in  tln^  iinailwitor  at  37.5°  C.  Tul)C  1  only  should 
show  a  hazinos.s  whi<'h  ih'vrlops  into  distinct  cloudiness  or  a  fiocculent 
precipitate  within  one  hour.    Tulx'S  2,  3,  and  4  should  remain  clear. 

In  testing  an  unknown  protein  with  serum  of  an  animal  immunized 
with  the  protein  sought  for,  the  technique  of  the  test  is  as  follows: 

1.  O.I  c.c.  immune  scrum  +  2  c.c.  unknown  protein  solution. 

2.  0.1  c.c.  immune  serum  +  2  c.c.  Itoown  protein  solution  of  variety  susjxicted 

(gimilarly  diluted). 

3.  O.I  c.c.  immune  scrum  +  2  c.c.  protein  solution  ot  different  nature  (similarly 

diluted). 

4.  0.1  c.c.  immune  Bonim  +  2  c.c  salt  solution. 

5.  2  c.c.  unknown  protein  dilution. 

If  the  test  is  positive  a  precipitate  appeare  in  tuU-s  1  and  2,  Imt  not 
in  any  of  the  others.  The  precipitate  should  appear  within  15  to  20 
minutes. 

Bactericidal  and  Bacteriolytic  Tests. — The  biu;t(Tici(ial  and  bac- 
teriolytic i>owers  of  serum  may  lie  t<'s(<tl  either  in  the  animal  body  or 
in  the  test  tul>e.  The  in  vivo  tost  is  known  as  PfnifTer's  phenomenon. 
This  depends  upon  the  fact  that  bacteria,  wlien  injected  into  tlie  peri- 
toneal cavity  of  a  guinea-pig,  together  with  a  homologous  immune 
eenmi,  undergo  dissolution. 

As  practiced,  the  test  fin<ls  a  double  application.  It  may  be  done  to 
determine  the  bactcriolj'tic  power  of  a  given  serum  gainst  a  known 
microorganism,  or  for  the  identification  of  a  particular  microorganism 
by  means  of  its  susceptibility  to  lysis  in  a  known  immune  serum, 

1.  Determination  of  the  bacteriolytic  power  of  serum  against  a  ktwwn 
microorganism  in  vivo: ' 


'P.  Th.  MuUer,  "Tcchnik  d.  serodiagnos.  Metlioden,"  Jena,  1909. 
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A  number  of  dilutions  of  the  scrum  are  made  with  etcrilc  neutral 
bouillon  or  salt  solution,  ranging  from  1  in  20  to  1  in  500,  or  higher.  It 
is  convenient  to  make  a  first  solution  of  1  In  20.  One  c.c.  of  this  mixed 
with  4  c.c.  of  broth  will  give  1  in  100.  One  c.c.  of  the  1  in  100  dilution 
with  I  c.c.  of  broth,  2  c.c.  of  broth  and  4  c.c.  of  broth  will  give  1  in  200, 
1  in  300,  and  1  in  500,  rcHpectively.  Into  one  cubic  centimeter  of  ewh 
of  these  dilutions  there  is  placed  one  platinum  loopful  of  a  twenty-four- 
hour  agar  culture  of  the  microorganism  against  which  the  serum  \a  to 
be  tested.  Into  another  test  tube  is  placed  4  c.c.  of  broth,  without 
aerum,  and  with  one  luopful  of  the  microorganisms.  The  mixtures 
arc  thoroughly  emulsifii;<I  in  each  ca.se  by  rubbing  the  bacteria  against 
the  sides  of  tlie  tulx;  with  the  platinum  loop. 

Intraperitoneal  injections  into  guinea-pigs  arc  then  made  of  1  c.c. 
of  each  of  the  serum-dilution-bacterial-emulsionH.  A  <'ontrol  guinea-pig 
(better  two  or  threiO  receives  Ic.  c.  of  the  broth  emulsion — one-fourth 
as  many  bacteria,  therefore,  as  the  animals  receiving  the  scrum 
dilutions. 

Before  making  the  injections,  arcaw  on  the  lateral  abdominal  walls 
of  the  guinea-pigs  are  shaved,  and  small  incisions  made  through  the 


skin,  down  to  the  muscular  layers.  The  needle  of  the  syringe  is  then 
introduced  perpendicular  to  the  skin  until  it  has  penetrated  the  peri- 
toneum, and  then  carefully  slanted  to  avoid  puncturing  the  gut.  The 
animals  nt^ed  not  be  strappod-down  during  this  procedure  and  after- 
ward may  he  allowed  to  run  about. 

After  one-half  hour,  and  jigain  after  one  hour  has  elapsed,  a  drop 
of  peritoncid  exudate  is  removed  from  each  guinea-pig  and  examiuiHi 
in  the  hanging  drop  for  granulation  and  swelling  of  the  bacteria.  The 
method  of  obtaining  the  peritoneal  exuilate  is  as  follows:  Smidl  glass 
tubing  is  drawn  out  into  capillaiy  pipettes,  the  ends  of  the  capillarica 
being  again  drawn  to  fine  points  in  a  small  yellow  flame.  A  number  of 
such  pipettes  should  be  prepared  before  the  te^Jt  is  begun.  The  guinca- 
pi;;  h  then  held  down  upon  a  table,  cither  by  an  assistant  or  by  the  left 
h'lnd  of  the  operator,  and  the  point  of  the  pipette  pushed  through  the 
cut  i.i  the  abdominal  wall  Into  the  peritontrum  by  a  sharp,  quick  thrust- 
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ing  motion.  A  column  of  peritoneal  fluid  will  run  into  the  glass  tubing 
by  capillary  attraction;  this  can  then  be  blown  out  upon  a  cover-dip 
for  hanging-drop  examination  or  may  be  blown  upon  a  slide,  smeared, 
and  examined  after  staining.  The  reaction  is  regarded  as  positive  if 
within  thirty  ntinut«s  to  an  hour  the  peritoneal  exudates  of  the  animals 
receiving  immune  sera  contain  only  swollen  or  disintegrated  microor- 
ganisms, while  in  that  of  the  control  animals  only  well-preserved  and 
undegenerated  bacteria  are  found.  In  dealing  with  typhoid  bacilli 
and  cholera  spirilla,  in  coimcction  with  which  the  test  is  most  often 
used,  active  motility  in  the  controls  is  of  much  help.  Should  there  be 
extensive  degeneration  of  the  bacteria  in  the  exudate  of  the  control 
animals  the  test  is  of  no  value. 

2.  Identification  of  a  microorganvftn  hij  observing  Us  a  susceptibilUy  to 
lysis  in  a  known  immune  serum  in  vivo: 

The  technique  for  this  test  is  practically  the  same  as  that  of  the 
preceding  except  that  in  this  case  we  require  a  potent  known  immune 
scrum  and  normal  scrum  for  control.  It  is  necessary,  furthermore,  that 
by  previous  tcrts  wc  should  know  the  degree  of  dilution  in  which  the 
immune  serum  will  cause  complete  bacteriolysis  of  the  microoi^anism 
used  in  its  production.  Thus,  if  wc  are  employing  a  typhoid  immune 
scrum  and  arc  about  to  test  by  this  method  an  unknown  Gram-negative 
bacillus,  we  must  know  the  titer  of  the  scrum  for  the  typhoid  bacillus 
itself. 

Mixtures  are  then  made  of  dilutions  of  this  serum  and  definite 
quantities  of  the  microorganism  to  be  tested.  It  is  best,  always,  to 
employ  from  ten  to  one  hundred  times  the  amount  of  immune  serum 
which  suffices  to  produce  lysis  with  its  homologous  microorganism. 
Thus,  if  the  serum  has  been  found  to  be  active  in  dilutions  of  1 :  1 ,000,  it 
is  employed  in  the  test  in  dilutions  of  1  : 1 ,000, 1  :  100,  and  1  :  10.  These 
dilutions  are  then  injected  into  guinea-pigs  in  quantities  of  1  c.c.  together 
with  the  bacteria  to  be  tested,  and  control  guinea-pigs  are  injected  with 
undiluted  normal  serum  mixed  with  the  bacteria  and  with  salt  solution 
and  the  bacteriii.  The  exudates  are  then  observed  In  the  same  way  as 
in  the  preceding  experiment. 

Baderiddal  Reactions  in  the  Test  Tu})e. — Bactericidal  reactions 
in  the  test  tubes  may  be  ma<le  by  mixing  in  small  sterile  test  tubes, 
definite  quantities  of  the  bacteria  with  inactivated  serum  and  com- 
plement, the  latter  in  the  form  of  unhealed  normal  serum.  The 
mixtures,  diluted  with  equal  volumes  of  neutral  broth  or  salt  solution, 
are  set  away  for  a  definite  time  three  to  four  hours  in  an  incubator  at 
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37.5° C,  and  equal. quantities  from  all  the  fcubea  are  then  inoculated 
into  melted  agar  at  40°  C,  and  plates  are'  poured.  Control  plates 
must  be  made  in  each  caae  with  mixturea  of  eimilar  quantities  of 
bacteria  in  salt  solution,  and  similar  quantities  of  bacteria  in  nomud 
serum.  By  colony  counting  after  the  plates  have  developed,  it  ia  then 
pos-siblc  to  estimate  the  degree  of  bacterial  destruction  in  any  of  the 
given  dilutions. 

In  actually  carrying  out  the  test,  dilutions  of  the  inactivated  serum 
are  first  made,  ranging  from  1  :  10  to  I  :  1,UU0  and  over.  An  cniuUion 
of  bacteria  from  a  twenty-four-hour  agar  Klant  is  then  made  in  salt  solu- 
tion, or  a  twenty-four-hour  brath  culture  properly  diluted  may  be  used. 
Complement  is  obtained  by  taking  fresh  normal  rabbit  scrum  and  dilut- 
ing it  with  salt  solution  I  :  10  or  1  :  lo.  Into  a  series  of  test  tubes,  then, 
I  c.c,  of  each  of  the  serum  dilutions  ia  platted,  and  to  each  tube  is  adilcd 
O.dc.c.  of  the  diluted  fresh  normal  rabbit  serum  (complement).  To  these 
mixtures  the  bacteria  arc  then  added.  In  adding  the  bacterial  emulsion 
to  these  tubes,  the  writers  have  found  it  more  accurate  to  discard  the 
use  of  the  platinum  loop  and  to  measure  the  bacterial  emulsion  in  a 
marked  capillary  pipette  such  aa  that  used  in  the  opsonin  test.  (See  page 
285,  Fig.  68.)  The  controls  are  set  up  in  a  similar  way,  all  of  them  con- 
taining a  similar  quantity  of  bacterial  enmlsion,  one  control  containing 
I.dc.c.  of  salt  solution,  another  control  containing  I  c.c.  of  salt  solution -t- 
0,5  c.c.  of  the  diluted  complement,  and  the  third  control  containing  in- 
activated normal  serum  1  c.c. +0.5  c.c.  of  diluted  complement.  Defi- 
nite quantities  of  these  mixtures,  taken  with  a  standard  loop,  or 
preferably  with  a  capillary  pipette,  are  plated  in  agar  immediately 
after  mixing. 

BACTERICIDAL  TEST   IN    VITRO 

(Tu  Dbtxiiuiinb  the  BAtrrcKiciDAL  PowBit  or  k  Typhoid  Iuuitke  SerttiiI 
r  Tyi-hoid  Ba.cilu). 
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After  incubation  for  two  or  three  hours  similar  quantities  are  again 
measured  into  tubes  of  melted  agar  with  the  capillary  pipette.  With  a 
little  practice,  great  accuracy  in  these  measurements  can  be  acquired. 
The  iaoculated  agar  tubes  are  very  thoroughly  mixed,  and  plates  are 
poured.  At  the  end  of  twenty-four  hours'  incubation,  an  enumeration 
of  the  colonies  in  the  various  plates  is  made  and  the  results  are  compared. 

The  in  vitro  bactericidal  tests  have  been  employed,  practically,  chiefly, 
in  the  diagnosis  of  typhoid  fever  by  Stern  and  Kortc.'  While  the  serum 
of  normal  individuals  shows  practically  no  bactericidal  power  for 
typhoid  bacilli,  the  sera  of  typhoid  patients  may  be  actively  bacteri- 
cidal in  dilutions  as  high  as  1  :  50,000. 

Bemolylie  Twti. — Determination  of  the  hemolytic  action  of  blood 
serum,  bacterial  filtrates,  and  of  a  variety  of  other  substances,  such  as 
tissue  extracts  and  animal  and  plant  poisons,  is  frequently  made  in 
baetcriological  laboratories.  Fiimiliurity  with  the  metho<ls  of  carrying 
out  such  tests  Is' especially  essential  since  hemolytic  tests  are  also  em- 
ployed in  determining  other  serum  reactions,  such  as  the  "  complement- 
fixation  testa  "  {liscMssed  in  another  section. 

For  these  tests  it  b  necessary  to  prepare  washed  red  corpuscles 
of  the  species  of  animal  against  which  the  hemolysins  are  to  be 
tt-sted,  and  to  obtain  these,  bliiod  may  be  taken  in  one  of  the 
following  ways: 

.-l.  If  small  quantities  of  blood  corpuscles  are  desired,  the  blood  may 
be  n'ceived  into  a  strcrilo  test  tube  into  which  a  copper  or  other  wire  bent 
into  a  loop  at  the  lower  end  ha.t  been  introducctl.  This  is  \xseA  to 
prevent  clotting  and  to  remove  the  fibrin.  Immediately  after  receiving 
the  blood  into  tliis  tube,  the  wire  is  twiried  between  the  fingers  so  that 
the  blood  is  beaten  by  the  wire  as  by  an  egg-beater.  At  the  end  of  five 
minutes  of  continuous  agitation,  the  fibrin  adhering  in  a  mass  to  the  wire 
may  be  lifted  out.  The  corpuscles  are  then  washed  and  centrifugalized 
in  several  changes  of  salt  solution  to  reniovc  all  traces  of  serum,  and 
are  finally  emulsified  in  salt  solution. 

Fi.  The  blood  may  be  taken  into  a  centrifuge  tube  and  immediately 
contrifugali^x'd  before  <'lotting  has  taken  pla<-e.  The  plasma  is  then 
|x»un'd  oft  and  the  corpuscles  are  washed  with  salt  solution,  as  before, 
lo  remove  the  serum. 

C.  The  blood  may  be  taken  directly  into  a  solution  containing 
five-tenths  per  cent  sodium  chlorid  and  one  per  cent  sodium  citrate. 

t  Stem  uQil  Karte,  Brrl.  klin.  Woch..  1904. 
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The  corpuscles  are  concentrated  by  ccntrifugalization,  the  citrate  solu- 
tion is  decanted,  and  eorpuacles  are  washed  with  salt  solution,  as  before,  ' 
to  remove  the  serum. 

D.  When  lat^e  quantities  of  blood  are  desired,  either  from  man  or 
from  an  animal,  the  blood  may  be  received  directly  into  a  flask  into 
which  a  dozen  or  more  glass  beads  or  short  pieces  of  glass  tubing  have 
been  placed.  The  flask  is  shaken  for  five  or  ten  minutes,  immediately 
after  the  blood  has  been  taken  and,  in  this  way,  defibrination  is  accom- 
plished. 

Since,  for  comparative  tests,  it  is  necessary  to  establish  some  stand- 
ard concentration  of  red  blood  cells,  it  is  customary  in  these  tests  to- 
employ  a  five  per  cent  emulsion  of  corpu-sdea  in  salt  solution.  To 
obtain  this,  one  volume  of  sediment  of  washed  red  l>lood  cells  is  mixed 
with  nineteen  parts  of  0.85  per  cent  salt  solution.'  Such  an  emulsion,  if 
kept  sterile  and  in  the  refrigerator,  will  serve  for  hemolytic  tests  for 
from  one  to  three  days.  An  emulsion  sliould  not  Iw  used  if  the  super- 
natant salt  solution  shows  any  transparent  redness,  as  this  indicates 
hemolysis. 

If  the  substance  in  which  hemolysins  are  to  be  determined  is  serum, 
this  should  be  inactivated  by  exposure  to  56°  C.  in  a  water  bath,  and 
to  each  test,  complement  may  be  atlded  in  the  form  of  fresh  guinea-pig 
or  rabbit's  serum.  No  al>!Solute  rule  for  the  quantity  of  coniplen\ent 
to  be  used  in  these  .tests  can  be  given.  In  each  case  the  particular 
complement  used  should  be  titrated  to  determine  the  minimum  quan- 
tity which  will  produce  hemolysis  of  1  c.c.  of  the  sensitized  cell  sus- 
pension. 

In  the  actual  test,  mixtures  are  made  of  the  corpuscle  emulsion,  the 
inactivated  immune  serum,'  and  complement  in  small  test  tubes  and  the 
volumes  of  the  various  tubes  made  equal  by  the  addition  of  definite 
quantities  of  salt  solution.  The  contents  of  the  tubes  are  thoroughly 
mixed  and  the  tubes  put  in  the  incubator  or  in  a  wat«r  bath  at  37.5°  C 
If  complete  hemolysis  occurs,  the  fluid  in  the  tube  will  assume  a  deep 
Burgundy  red.  If  no  hemolysis  occurs,  the  fluid  will  remmn  uncolored 
and  the  corpuscles  will  settle  out.  Incomplete  hemolysis  will  be  evi- 
denced by  a  lighter  tinge  of  red  in  the  tubt^  and  by  the  settling  out  of  a 
varyii^  quantity  of  blood  corpuscles. 


'The  method  here  given  was  fonnerly  much  employeil.  It  ia  now  the  general 
praclirp,  however,  to  use  one  volume  of  the  actual  sedimeat  to  nineteen  volumes  of 
salt  solution. 
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In  all  hemolj'tic  testa  the  time  clement  is  important.  No  hemolysis 
should  be  adjut^ed  as  incomplete  unless  at  least  one  hour  has  elapsed. 

iBOhenudyiiiis  and  Iso-agslutliiiiu. — It  is  often  necessary  to  carry 
out  hemolytic  and  hemagglutinating  tests  on  the  blood  corpuscles  of  one 
human  being  with  the  serum  of  another  in  order  to  determine  the  ad- 
visability of  performing  transfusion.  In  this  case,  the  scrum  of  the  re- 
cipient is  mixed  with  a  corpuscle  emulsion  of  the  cells  of  the  donor, 
and  vice  versa.  This  ia  conveniently  done  in  small  pipettes  by  the 
method  of  Ottenberg. 

-     By  the  determination  of  iso-a^lutinine  and  Isobemolyeins  all  human  bungs 
can  be  divided  into  four  groups  according  to  Landstclner  and  others. 
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These  groupings  are  permftoent  and  inbwjtftble,  followii^  Mendel's  laws, 
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Tlie  Dttermlnation  at  Antibodies  In  8«n  hy  Complement  Fixation. — 
The  principle  of  complement  fixation,  discovered  by  Bordet  and  Gengou ' 
in  1901,  has  been  utilized  both  in  bacteriolc^cLJ  investigations,  and  in 
practical  diagnosis  for  the  determination  in  serum  of  the  presence  of 
specific  antibodies.  The  reaction  depends  upon  the  fact  that  when  an 
antigen,  i.e.,  a  substance  capable  of  stimulating  the  formation  of  anti- 
bodies, is  mixed  with  its  inactivated  antiserum,  in  the  presence  of  com- 
plement, the  complement  is  fixed  by  the  combined  immune  body  and 
antigen  can  no  loiter  be  found  free  in  the  mixture.  If  such  a  mixture 
is  allowed  to  stand  at  temperature  for  an  hour  or  more,  and  to  it  is 
then  added  an  emulsion  of  red  blood  cells  together  with  inactivated 
hemolytic  serum,  no  hemolysis  will  take  place,  since  there  is  no  free 
complement  to  complete  the  hemolytic  system.  If,  on  the  other  hand, 
the  oii^nal  mixture  contains  no  antibody  for  the  antigen  used,  the 
complement  present  is  not  fixed  and  is  available  for  the  activation  of 
the  hemolytic  serum  later  added. 

The  reaction  thus  depends  upon  the  fact  that  neither  antigen  *  alone, 
nor  amboceptor  (antibody)  alone,  can  fix  complement,  but  that  this 
fixation  is  carried  out  only  by  the  combination  of  antigen  plus  ambo- 
ceptor. Any  specific  can  be  determined  by  this  method,  provided  the 
homologous  antigen  is  used;  and  vice  versa,  by  the  use  of  a  known  anti- 
body a  suspected  antigen  may  be  determined. 

When  testily  immune  sera  for  antibodies  given  rise  to  in  man  or 
animals  by  microoi^anisms  which  can  be  cultivated,  either  the  whole 
bacteria  or  extracts  of  the  bacteria  may  be  used  as  an  antigen. 

For  the  diagnosis  of  syphilis  by  this  method,  in  the  so-called  "  Wasser- 
mann  reaction,"  the  antigen  employed  was  ori^nally  obtained  by  the 
extraction  of  syphilitic  organs,  in  which  free  syphilitic  antigens,  i.€., 
uncombined  products  of  Spirochsete  pallida,  were  assumed  to  te  present. 

It  has  been  more  recently  shown,  however,  that  the  Wasserraann 
reaction  is  not  specific  in  any  sense  of  the  word  and  that  suitable  anti- 
gens can  be  produced  by  the  alcoholic  extraction  of  lipoids  from  the 
normal  oi^ans  of  many  animals  and  man. 

Bat^terial  extmcts  for  complement-fixation  can  be  made  in  variou-s 
ways.  The  use  of  thick  suit  solution  suspensions  of  the  cultures  them- 
selves is  not  advisable  Ix^cause  of  the  anticomplementary  action  of 
such  suspensions.     Good  bacterial  antigens  can  be  produced  by  cen- 


■  Bordet  and  Gengou,  jVnii.  de  I'inat.  Pasteur,  xv,  1901. 
'  Bordet  and  Gaj/,  Ann,  de  I'itist.  Psateur,  zx,  1906. 
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trifugalizing  them  from  salt  solution  suspensions  and  adding  to  Jibout 
20  mgms.,  90  n^ms.  of  common  salt,  rubbing  up  with  a  glass  rod  for 
an  hour,  and  then  adding  distilled  water  to  iaotonicity.  This  b  the 
method  of  Besredka.  This  method  has  been  used  with  success  by 
Miller  and  Zinsser  in  the  case  of  tubercle  bacilli  for  complement-fixation 
in  tuberculosis. 

Wassermann  and  Bruck'  prepare  bacterial  antigen  by  emulsifying 
f^wths  of  about  ten  agar  slant  cultures  in  10  c.c.  of  sterile,  distilled 
wat«r.  This  is  shaken  for  twenty-four  hours  in  a  shaking  apparatus. 
At  the  end  of  this  time  0.5  per  cent  of  carbolic  acid  is  added  and  the 
Quid  cleared  by  centrifugalization. 

The  WuMrmann  Teit  for  Uw  Di»gootiB  oi  STphilis.* — The  sul>- 
stances  for  the  teat  are  the  foUon-ing: 

I.  The  AiUigen. — In  their  original  experiments,  Wassermann  and 
his  collaborators  made  use  of  salt-solution  extracts  of  the  organs  (chiefly 
of  the  spleen)  of  a  syphilitic  fetus.  The  tissue  was  cut  into  small  pieces 
and  to  one  part' by  weight  of  this  substance,  four  parts  of  normal  salt 
solution  and  0.5  per  cent  of  carbolic  acid  were  added.  This  was  shaken 
in  a  shaking  appar&tus  for  twenty-four  hours,  and  after  this  the  coarser 
particles  removed  by  centrifi^alization.  The  reddish  supernatant 
fluid  was  used  as  the  antigen  and  could  be  preserved  for  a  long  time  in 
dark  bottles  in  the  ice  chest. 

Alcoholic  extracts  of  syphilitic  organs  were  subsequently  used  by  a 
number  of  authors,  syphilitic  liver  being  extracted  for  twenty-four 
hours  with  five  times  the  volume  of  absolute  alcohol.  This  was  filtered 
through  paper  and  the  alcohol  evaporated  in  vacito  at  a  temperature 
not  above  40"  C,  Alj<iut  1  gram  of  this  material  was  then  emulsified 
in  100  c,c,  of  salt  solution  to  which  0.5  per  cent  of  carlxJic  aoid  has 
been  added. 

It  was  soon  found  that  the  Wassermann  antigen  was  a  purely  non- 
specific substance,  and  since  this  discovery  was  made  there  are  few 
laiwratories  in  which  syphilitic  oi^ns  are  at  all  useil.  It  appears  that 
lipoidal  extracts  from  almost  any  tissue  can  be  employed,  and  that 
fairly  useful  antigens  can  even  be  obtained  with  solutions  of  commer- 
cial lecithin  and  mixtures  of  commercial  lecithin  and  sodium  oleate.  It 
is  apparent,  therefore,  that  in  the  Wassermann  reaction  an  even  sus- 


i una  Bnick,  Med.  Klinik,  5.1, 190.5,  and  Deut.  med.  Woch.,  xii,  l»06. 
•  H'amiermann,  NeUser  und  Bruck,  Deut.  uieU.  Woch.,  xix,  1906;  Wanxemuinn, 
KeitixT,  truck  und  Sehuckl,  Zeit.  f.  Hyg.,  Iv,  1906. 
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pension  of  lipoidal  substances  cfHistitutes  the  antigen,  and  that  the 
complement-fixing  complex  is  made  by  these  antigens  in  combination 
with  some  substance  spoken  of  by  N<^uchi  as  "lipotropic"  in  the 
syphilitic  serum,  which  has  probably  no  relation  to  true  antibody. 
Our  own  work  with  treponema  pallidum  antigen  would  tend  to  con- 
firm this,  as  well  as  the  experience  of  Noguchi,  Craig  and  Nichols, 
Kokner,  and  others,  who  have  found  that  a  pure  treponema  pallidum 
extract  gives  reactions  in  only  a  few  late  tertiary  cases,  running  not 
at  all  parallel  to  the  fixations  obtained  with  non-specific  lipoidal  3u)>- 
Btances.  Although  we  are,  at  the  present  writing,  still  in  the  dark 
as  to  whether  the  syphilitic  antigen  depends  for  its  properties  upon 
the  lipoidal  nature  of  the  extracts  or  upon  the  size  and  dispersion  of 
the  particles  present  in  the  extracts,  we  can  still  assert  that  the  test  is 
reliable  and,  with  care  in  execution  and  interpretation,  of  enormous 
value  in  the  diagnosis  of  syphilis.  However,  it  is  necessary  to  rect^nize 
that  it  is  surely  not  a  specific  antigen-antibody  reaction. 

The  antigens  most  commonly  in  use  today  are  prepared  as  follows: 

1.  Beef  heart  or  guinea-pig  heart  muscle  is  finely  chopped  up  and 
extracted  in  five  times  its  volume  of  absolute  alcohol.  Tliis  mixture 
is  kept  5  to  7  days  in  the  incubator,  being  frequently  shaken.  It  is  then 
filtered  and  titrated.    Human  heart  muscle  may  also  be  used. 

2.  Noguchi's  Acetone  Insoluble  Lipoid  Antigen.  Fresh  spleen  is 
macerated  and  extracted  for  5  to  7  days  in  the  incubator  in  five  times 
its  volume  of  absolute  alcohol,  being  fr(X]uently  shaken.  It  is  then  fil- 
tered and  evaporated  to  dryness  with  the  aid  of  a  fan.  The  sticky 
residue  is  taken  up  in  a  small  quantity  of  ether  and  this  ether  solution 
poured  into  four  times  its  volume  of  C.  P.  acetone.  The  fioccular  pre- 
cipitate which  forms  is  collected  and  can  be  preserved  under  acetone. 
About  0.2  grams  of  this  paste  is  dissolved  in  5  c.c.  of  ether.  This  is 
shaken  up  with  100  c.c.  of  salt  solution  until  the  ether  is  evaporated. 
The  rewulting  antigen  is  titrated. 

3.  Cholesterinizcd  Antigen.  According  to  the  researches  of  Sachs 
and  Rondoni,  Browning  and  Cruikshank,  and  Walker  and  Swift,  aa- 
tigen  can  be  made  more  delicate  by  the  addition  of  cholcsterin.  Walker 
aqd  Swift  recommend  that  an  alcoholic  extract  of  human  or  guinea-pig 
heart  be  made  up  to  a  concentration  of  0.4  per  cent  of  cholcsterin, 

A  lai^e  number  of  other  antigens  might  be  mentioned,  but  we 
think  that  the  three  mentioned  above  represent  the  most  important, 
and  in  principle  all  of  those  at  present  in  common  use. 

Before  an  antigen  can  be  used  for  the  actual  test,  it  is  necessary  to 


Digitized  by  Google 


THE  TECHNIQUE  OF  SERUM  REACTIONS  265 

determine  the  quantity  which  will  furnish  a  valid  result.  The  sub- 
stances which  are  used  as  antigens  often  have  the  power,  if  used  iu  too 
large  quantity,  of  themselves  binding  complement.  It  is  necessary, 
therefore,  to  determine  the  largest  quantity  of  each  given  antigen  which 
may  be  used  without  exerting  an  anti-complementary  action,  i.e.,  which 
will  not  inhibit  in  the  presence  of  normal  Serum  but  which  will  at  the 
same  time  inhibit  hemolysis  when  syphilitic  serum  is  used.  This  is  done 
by  mixing  graded  quantities  of  the  antigen  with  a  constant  quantity 
of  complement  (0.1  c.c.  of  fresh  guinea-pig  serum),  in  duplicate  seta, 
adding  to  each  tube  of  one  set  0.2  c.c.  of  a  normal  serum,  and  to  the  other 
0.2  c.c.  of  a  known  syphilitic  serum.  These  substances  are  allowed  to 
remain  t<^ether  for  one  hour  and  then  red  blood  corpuscles  and  inac- 
tivated hemolytic  serum  are  added.  The  quantity  which  has  given 
complete  inhibition  with  the  syphilitic  serum,  but  al>solutely  no  inhibi- 
tion with  normal  serum,  is  the  one  to  be  employed  in  subsequent  re- 
actions. Before  actual  use,  it  is  convenient  to  make  a  dilution  of  antigen 
in  salt  solution  in  such  a  way  that  I  c.c.  shall  contain  the  amount  re- 
quired. Thus  if  0.05  c.c.  is  wanted,  mix  0,6  c.c.  with  9.5  c.c.  salt  solu- 
tion.    Then  1  c.c.  of  this  can  be  added  to  each  tube  in  the  test. 

II.  The  Hemolytic  Serum. — The  hemolytic  amboceptor,  for  the 
reaction,  is  obtained  by  injecting  into  rabbits  the  washed  red  blood 
corpuscles  of  a  sheep.  A  5  per  cent  emulsion  of  the  corpuscles  is  made 
and  of  this  5  cc,  10  c.c,  15  c.c,  etc.,  are  injected  at  intervals  of  five 
or  six  days.  Three  or  four  graded  injections  of  thjs  kind  are  usually 
Bufiicient  to  furnish  a  serum  of  adequate  hemolytic  power.  The  injec- 
tions may  be  made  intraperitoneally  or  intraveno\isly.  About  nine  or 
ten  days  after  the  last  injection  of  corpuscles,  the  rabbit  is  bled  from  the 
carotid  artery  and  the  serum  obtained  by  pipetting  it  from  the  clot. 

It  is  best  to  have  a  hemolytic  serum  of  high  potency  in  order  that  the 
quantities  used  for  the  reaction  may  be  as  small  as  possible.  This  is 
desirable  because  of  the  fact  that  the  serum  may  contain  small  amounts 
of  precipitins  for  sheep's  serum,  due  to  insufficient  washing  of  the  cor- 
puscles employed  in  the  immunization. 

It  is  necessary  to  carefully  titrate  the  hemolytic  serum.  For  the 
actual  reaction  most  observers  make  use  of  two  hemolytic  units.  A  hem- 
olytic unit  is  the  quantity  of  inactivated  immune  serum  which,  in  the 
presence  of  complement,  suffices  to  cause  complete  hemolysis  in  1  c.c. 
of  a  5  per  cent  emulsion  of  washed  blood  corpuscles.  It  is  the  custom 
in  most  laboratories  today  to  halve  all  the  quantities,  using  0,5  cc  of 
the  suspension  instead  of  I.O  c.c.  and  other  ingredients  accordingly. 
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Ni^uchi '  has  pointed  out  very  cleiirly  the  dangern  of  not  delicately 
adjusting  the  quantity  of  amlwceptor  used  in  the  reaction.  He  calls 
attention  to  the  experiments  of  Morgenr<)th  and  Sachs '  who  have 
shown  that  the  relationship  between  complement  and  amboceptor 
necessary  for  hemolytic  reactions  is  one  of  inverse  proportions.  In 
their  own  words,  "  in  the  presence  Of  larger  quantities  of  amboceptor, 
smaller  quantities  of  complement  suffice,"  and  ify»  versa.  Nt^ucbJ, 
in  his  work,  has  found  that,  while  in  the  presence  of  one  unit  of  ambo- 
ceptor, 0.1  c.c.  of  guinea-pig's  complement  is  required  to  produce 
hemolysis,  by  using  four,  eight,  and  twenty  units  of  amboceptor,  com- 
plete hemolysis  is  obtainable  with  one-third,  one-fifth,  and  one-tenth 
of  the  0.1  c.c.  of  complement,  respectively.  For  this  reason  an  excess 
of  amboceptor  might  result  in  complete  hrmt)lysis  in  a  test,  if  a  small 
fraction  of  the  complement  were  left  unfixed  by  the  syphilitic  antiliody. 
Another  result  of  an  excess  of  amboceptor  would  consist  in  a  partial 
dissociation  of  the  complement  from  its  combination  with  the  antigen- 
antibody  compound.  As  Noguchi  puts  it,  "a  quantity  of  syphilitic 
antibody  just  sufficient  to  fix  0.1  c.c.  of  the  complement  against  two 
units  of  the  amboceptor  is  no  longer  efficient  in  holding  back  the  com- 
plement from  partial  iil>eration  against  the  influence  exerted  by  more 
than  four  units  of  the  amboceptor," 

From  these  considerations  it  follows  that  the  serum  from  rabbits 
immunized  ^linst  sheep  corpuscles  must,  in  each  case,  be  titrated  in 
order  to  determine-  the  hemolytic  unit.  For  this  purpose  a  number  of 
mixtures  are  made  in  test  tubes,  containing  each  0.1  c.c.  of  complement 
(fresh  guinea-pig  serum),  1  c.c.  of  a  5  per  cent  emulsion  of  sheep's  cor- 
puscles, and  diminishing  quantities  of  the  inactivated  hemolytic  senmi, 
thus: 
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■  Soguchi,  Proc.  Soc,  for  Exper,  Biol,  nnil  Med.,  VI,  3,  1909. 
=  Margcnrolh  und  Sacha,  in  Khrli<rli's  '■(ionuniiiieltc  Arbeit«n,"  etc.,  Derlin,  1904. 
'  In  each  tiilte  the  volume  of  the  Tiii\tiire  hIiuuKI  be  made  up  to  5  c.o.  with  0.85 
per  cent  salt  solution. 
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In  the  given  case,  0.001  c.v..  of  the  scrum  n^prescrritri  onv.  unit,  and 
0.002  e.c,  two  units,  is  tlie  quiintity  to  Im;  iis<tl  for  ciK^h  t<'Ht. 

III.  The  CompletiieiU. — Tlic  coinpK^nient  nsc'd  in  Watiscnnann  re- 
action is  fre«h  guineii-pig  serum.  Tliis  may  1k'  obtained  in  one  of  the 
fullowing  ways:  A  guinea-pig  may  )h:  killed  by  an  incision  in  tiic  throat 
and  the  blood  allowed  to  flow  into  a  large  Petri  dish.  This  is  set  aw:iy 
in  the  ice  chest  until  clear  Ijejids  of  s((nun  have  fonned  upon  the  sur- 
face, and  these  are  then  carefully  removed  with  a  pipette. 

It  b  more  economical  to  puncture  the  heart  of  large  guinea-pigs 
with  a  needle  attached  to  a  syringe  and  withdraw  5  or  6  c.c.  of  blooil 
nitbout  killii^  the  animal.  Tliis  can  be  transferred  to  a  centrifi^o 
tube  and  the  serum  obtained  by  oentrifugation  after  clottii^.  Serum 
used  as  complement  in  the  Wass<'nnann  rcaclion  must  be  titrated  <'iHh 
day  before  reacti(»ns  are  done.  This  is  ilonc  by  putting  into  a  series  of 
tubes  1,0  c,c,  {or  if  half  quantities  are  ust^d,  as  with  us,  0.5  c.c.)  of  tlie 
cell  suspension  sensitized  with  2  units  of  amboceptor,  and  adding  t<i 
these  tubes  varying  quantities  of  guinea-pig  serum,  Tlic  guineii-]>ig 
scrum  is  best  dilutfid  1 :10  in  salt  solution,  and  quantities  nuypng  from 
0.05  to  0.35  c.c.  are  added  to  the  tulies.  The  unit  is  the  amount  in  tlws 
tube  which  shows  complete  hemolj'sis  at  the  end  of  an  hour.  The  re- 
actions are  usually  complete  in  al>out  30  minutes.  Two  units  of  the  coni- 
ptcment  are  used  in  the  ordinary  test.  The  titration  of  the  complement 
is  one  of  the  most  important  steps  in  accurate  work, 

IV.  The  Sheep  Corpuscles. — The  ahcvp  corpuscles  for  the  actual  re- 
action are  obtained  by  receiving  the  blood  in  a  small  flask  containing 
a  sterile  solution  of  a  0.5  per  cent  sodimn  citrate  and  0.85  p4'r  cent 
^wliura  chloride,  or  into  one  containing  gla-ss  b«;a<lB  or  short  pit^ces  of 
glass  tubing.  In  the  fonnt^r  case,  the  citrate  solution  prevents  clotting 
and  the  corpuscles  may  Ih;  waslied  free  from  the  citrate  solutitm  and 
rmulsificd  in  salt  solution  l)efore  use  in  the  test.  In  the  latter  ease,  it 
is  necessary  to  shake  the  blood  in  the  flask  immediately  after  taking, 
and  to  continue  the  shaking  motion  for  about  ten  minutes.  The  cor- 
puscles are  washed  free  from  scrum  by  at  le,ast  3  wjishings  in  salt  solu- 
tion. A  5  per  cent  suspension  of  tlm  corpuscles  is  cmploytMl  for  the  tewl, 
made  by  measuring  the  bulk  of  centrifugalizcd  corpuscles  and  ailditig 
nineteen  parts  of  sterile  sjilt  solution. 

V.  The  Serttm  to  be  Tested  for  Syphilitic  Antibody. — The  serum  of 
the  patient  is  best  obtained  in  the  same  way  that  blood  is  obtained  for 
blood  cultures.  After  surgical  precautions,  a  needle  is  plunged  into  the 
median  basilic  vein  and  3  or  4  c.c.  of  blood  are  removed.    Before  use 
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for  the  teat,  the  pjitient's  scrum  nmst  l>o  iiiactivatod  by  heating  in  a 
water  bath  to  56°  C  for  twenty  minutes  to  half  an  hour. 

The  Test. — The  actual  tost  for  antibody  in  a  suspected  serum  is 
carried  out  in  the  following  way:  In  a  test-tube  of  suitable  size,  2  units 
of  the  complement,  0.2  c.c.  of  the  inactivated  suspected  serum,  and  the 
antigen,  in  quantity  determined  by  titration,  are  mixed,  and  the  total 
volume  t>rought  up  to  3  c.c.  with  normal  salt  solution.  This  mixture  is 
thoroughly  shaken,  and  placed  for  one  hour  in  a  water  bath  or  in  the 
incubator  at  37.5°  C.  Recently  it  has  been  found  that  more  delicate 
results  arc  obtaimKl  when  the  fixiition  is  allowed  to  take  place  in  the 
refrigerator  for  three  or  four  hours — the  so-called  "ice-l>ox  method." 
At  the  end  of  this  preliminary  incubation  there  is  added  1  c.c.  of  a  5 
p<T  cent  emulsion  of.  sheep's  corpuscles,  and  two  units  of  hemolytic 
aralHWCptor,  determined  by  a  titration  of  the  inactivated  hemolytic 
rabbit  serum,  as  described  above.  This  mixture  is  again  placed  at  37.5° 
C.  for  one  to  two  hours.  If  the  antibody  is  present  in  the  suspected 
serum,  no  hemolysis  takes  place.    If  absent,  hemolysis  is  complete. 

In  our  own  work  all  tests  are  done  in  half  the  quantities  of  the 
original  Wasscrmann.  Hence  only  0.1  c.c.  of  the  patient's  serum,  and 
the  antigen  and  complement  as  determined  in  titrations  with  0.5  c.c. 
of  the  celb  are  mueed  in  a  total  volume  of  1.5  c.c.  At  the  end  of  the 
preliminary  incubation,  0.5  c.c.  of  cells  previously  sensitized  with  2 
units  of  amboceptor  are  added. 

No  test  is  of  use  unless  suitable  controls  are  made.  The  controb 
set  up  should  be  as  follows: 

Control  1,  For  each  serum  tested  the  mixture  described  al)ove, 
omitting  antigen. 

Controls  2  and  3.  The  mixture  made  as  in  the  test  but  with  kn<ncn 
syphilitic  serum  (2)  with  and  (3)  without  antigen. 

Controls  4  and  5,  The  mixture  ma«ii^  as  in  the  test,  but  with  normal 
serum  (4)  with  and  (5)  without  antigen. 

Controls  6  and  7.  The  hemolytic  system,  complement,  blood  cells 
and  amboceptor,  set  up  in  order  to  show  that  the  system  is  in  working 
order  (6)  with  and  (7)  without  antigen.  It  is  convenient  to  set  the 
tubes  in  two  rows  in  a  rack,  the  fn)nt  row  containing  antigen,  the  back 
row  containing  the  same  mixture  without  antigen. 

In  a  positive  test,  the  test  itself,  and  Control  2,  alone,  should  show 
inhibitwl  hemolysis.  The  other  tulws  should  show  complete  solution 
of  the  hemoglobin,    (Sec  scheme,  p.  250.) 

Modiflcatiotu  ot  tlw  Wassermwui  Test.— Since  the  ori^nal  for- 
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mulation  of  the  Wassemiann  reaction  a  great  many  modifications  have 
i)e€n  suggested  by  various  workers,  some  of  tliem  being  radical  changes 
involving  the  altering  of  the  hemolytic  system;  others,  however,  merely 
adding  precautions  liere  and  there  to  increase  the  delicacy  of  the  reac- 
lion.  The  literature  on  this  subject  is  too  voluminous  to  be  com- 
pletely covered.  We  indicate,  therefore,  some  of  the  most  important 
changes  from  the  original  that  have  been  found  valuable,  and  give  in 
greater  detail  the  methods  aa  at  present  in  use  in  our  own  laboratory. 

Bauer  has  called  attention  that  human  serum  contains  a  certain  amount  of 
natural  hemolysin  Tor  sheep  corpuscles.  Id  his  original  modification,  therefore,  he 
docs  not  use  liemolytic  rabbit  Rerum  aa  amboceptor.  His  modification  as  a  whole 
cannot  be  accepted  lor  general  use  because  human  sera  do  not  contain  a  unirorm 
smount  of  hemolysin  tor  sheep  cells,  and  some  contain  none  whatever.  However, 
Ihe  presence  of  natural  amboceptor,  so-called,  in  human  sera  is  taken  account  of 
by  nuny  workers,  and  it  is  important  to  recognize  this,  since  naturally  it  adda  to 
ifie  amboceptor  added  with  sensitized  cells  and  leads  to  a  lack  of  uniformity  in 
Ihe  dosage  of  amboceptor  in  individual  tubes  if  inchi<Ied, 

NoKUchi  ]vkR  worked  out  a  test  in  wiiich  the  difficulties  presented  by  the  pres- 
ence of  normal  sheep  amboceptor  are  eliminatod,  in  that  he  uses  an  antihuman 
hemolytic  wriim  and  human  cells  os.the  hemolytic  s}-stem.  It  enables  him  also  to 
use  the  cells  of  the  patient  or  of  any  other  human  being,  thus  eliminating  the  neces- 
sity of  getting  [resh  sheep  cells.    Hia  tests  are  act  up  as  follows: 

Tube  1.     t  drop  patipni's  senim  +  romplcmrnt  (0.1  i-.r.  of  40  prr  cnt  guinn-iNC  Krum)  +  uUgcn- 

Tube}.     1  drop  knunn  ByphililtF  scrum  +  Fomph'm'enl  .(-iinTiiirn. 
Tnbr  4.     1  dfop  knciifn  sypbiJitir  wruin+  nii'iplxiiwDl.     INo  antiipn.) 
Tube  5.     I  drop  hnuwn  nomul  iiaruin+ Kunplcnirnl-l-antiKi'n. 

Tube  7.    Complement  aiooe  (for  hemolytie  By>tein  i-onti^). 

To  each  tube  then  odd  l.O  c.c.  of  the  one  per  cent  emulsion  of  human  corpuscles. 
Shake  mixtures  thoroughly  anil  incubate  or  place  in  water  buth  at  38—10°  C,  for  one 
hour.  Then  add  to  each  tube  2  units  of  antihuman  amboceptor  (serum  of  rabbit 
inununiied  with  human  cells)  and  replace  in  water  bath  for  one  hour.  .\t  the  end 
of  this  time  in  a  positive  tost  there  will  be  no  hemolysis  in  Tubes  1  and  3  while  all 
the  other  tubes  will  show  hemolysis. 

The  method  of  Nc^uchi  is  still  used  by  a  few  investigators,  but  is 
not  at  present  in  common  use,  though  we  have  no  doubt  that  if  sys- 
tematically followed  it  would  tlevclop  as  quite  satisfactory. 

The  teats  are  done  in  our  own  laboratory  with  the  original  sheep 
cell— antisheep  serum  hemolytie  syst^'m.  They  are  done  in  half  quan- 
tities, titrations  being  made  with  0.5  c.c.  of  a  5  per  cent  emulsion  of 
washed  sheep  cells.  Each  day  the  complement  (fn'sh  guinea-pig  diluted 
1  :  10)  is  titrated  with  cells  sensitized  with  2  units  of  stock  aml>oceptor. 
Fresh  amboceptors  are  titrated  from  tiine  to  time  so  that  a  reasonable 
constancy  is  obtained.  The  hemolytic  system  is  kept  as  constant  as 
possible  from  day  to  day.  The  unit  (minimal  hemolytic  amount)  of 
a  new  specimen  of  amboceptor  is  tl('t4>nnincd  by  titrating  it  on  a  num- 
ber of  successive  days  with  0.5  (\v.  of  5  per  cent  cells  and  0.5  e.e.  of 
10  per  cent  guinea-pig  sera,  readings  iH'ii^  made  at  the  end  of  a  half 
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hour.  When  complement  is  then  sul)soquently  titrated  with  2  such 
amljoceptor  units  and  0.5  c.c.  of  5  p(;r  cent  red  cells,  it  is  usually  found 
that  the  minimal  licmolytic  dose  of  complement  lies  l>etwcen  0.2  and 
0.25  c.c.,  and  in  the  aetual  te^ts  twice  this  minimal  hemolytic  dose  of 
complement  is  used  with  the  2  units  of  anilxiceptor.  The  daily  titra- 
tion of  complement  frequently  shows  marked  variations  even  though 

SCHEME  FOR  WASSERMANN  TEST. 

ORICINAI.   WASHERMANN    BVBTEM    APTEK   SCHEME 


TKt  with  l'iikri..« 
Serum. 

T«(.  with  Ifn.iwn 

.■.«ili.,SyT>hilio 

Serum. 

It^^^^^ 

Tnt  without  Serum 

"■"'iSF' 

4 

.Spnim  .2  c,c 

+ 

=? 

Kcnini  .2  p.c. 
+ 

KiTiim  .2  c.c. 

ai 

Q  ('oinpletncnt 

S  0  0.."|.lrm<.nt 

0    t'cimpletni-nl 

e; 

1                    .1    C.C. 

.1   C.C. 

.1  C.C. 

£' 

+ 

+ 

+ 

'i 

Rait  sol,  3.  c.c. 

■§     Suit  ».!..■).  C.C. 

Salt  sol.  3.  0.C 

Salt  sol.  3.  C.C. 

Serum  .2  c.r. 

Konim  .2  c.e. 

Scrum  .2  c.c. 

+ 

y 

1- 

+ 

II 

0  <"<m(l>!i?m<>nt 

1 

.1  c,c. 

Q   Com  piemen  I 
.Ice 

is 

AntiKcn 

+ 

Salt  Hol.  2.  e.c. 

1 

1 
AtiISk^i. 

Salt  HI.1.  3,  r.e. 
3. 

Antip-n 

+ 
Rait  sol,  2.  c.c. 

+ 

AnliRpn 

+ 

Salt.  sol.  2.  ce 

O  =  text  tiilje, 

Plac*  in  wal^T  lintli  iit  40°  C.  foe  one  lionr,  then  aild  tu  all  tubes  r*ii  blood  cells  and 
amboceptor.  These  arc  |)rPvioasly  niixoii  .w  that  2  c.c.  contains  the  e<|UJvalcnts  of 
1  c.c.  of  a  f)  per  cent  emulsion  o(  Hiipc].ci>n)U9cle3  and  3  units  of  amboceptdr.  Again 
nxiwise  lo  4(t°  V-.  If  Ihe  serum  fcslcil  va  positive,  tiilies  1  and  ;(  slioiiUI  show  no 
hemolysis,  all  the  other  lubes  showing  complete  hemolysis  in  one  hour. 

the  complement  is  obtained  from  a  number  ot  f^iinea-pigs.  By  alwajT* 
using  twice  the  amount  which  just  lakes  with  2  units  of  amboceptor, 
one  keeps  the  actual  amount  of  complement  as  nearly  as  possible 
constant. 

Obviously  one  can  titrate  the  strength  of  the  reaction  by  varying 
the  amount  of  any  one  of  tlie  three  ingredients  which  primarily  enter 
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into  it — the  antigen,  the  patient's  Berum,  or  the  complement,  and  all 
three  of  these  systans  have  been  proposed  and  used  with  success  by 
different  workers.  The  method  wliich  is  most  commonly  used  is  that 
of  Citron  and  consists  of  using  diminishing  quantities  of  both  antigen 
and  patient's  sermn.  Citron  in  addition  to  the  main  tube  uses  one 
additional  tulx;  containinR  one-iialf  the  amount  of  patient's  serum 
and  one-half  the  ajnount  of  antigen  used  in  the  main  tube,  and  he  ex- 
presses his  results  as  follows: 

If  both  tubes  show  complete  inhibition +  +  +  + 

If  the  main  tube  shows  complete  iulubition  and  the  half  dose 

tube  almost  complete ' +  +  + 

If  the  main  tube  shows  complete  inliibitiun  and  the  S(M:ond 

tube  faint  inhibition +  + 

If  the  main  tube  shows  incomplete  inhibition  and  the  second 

tube  none  or  little -j- 

If  the  main  tube  shows  very  faint  inhibition  and  the  second 

tube  shofra  none ± 

"-I--I--I-+,"  "  ++-1-,"  and  "  +  +  "  are  regarded  aa  conclusive  reaulta; 
"  +  "  OB  a  probable  positive;  "  ±  "  aa  suspicious  merely. 

Thfl  Detflrmination  of  Antdgea  hj  Complement  Fixation.— The  prin- 
ciples underlying  the  precedir^  tests  for  the  determination  of  sus- 
pectwi  antibodios  may  be  equally  applied  to  the  determination  of 
suspected  antigen.  In  the  former  case  it  was  necessary  to  bring  the 
serum  to  be  tested  into  contact  i^ith  the  antigen  specific  for  the  suspeeted 
antibody,  in  the  presence  of  complement,  and  at  a  suitable  tempera- 
ture. At  the  end  of  an  hour  the  mixture  was  tested  for  free  coraple- 
-mcnt  by  the  addition  of  hemolytic  amboceptor  and  red  blood  cells. 
In  testing  for  antigen,  the  procedure  is  reversed,  in  that  the  serum  or 
other  substance  (bacterial  extract)  to  be  tested  is  brought  into  contiiet 
with  an  antilx>dy  specific  for  the  antigen,  in  the  presence  of  complemt-nt ; 
and  at  the  end  of  an  hour  at  suitable  temperature,  free  complement 
is  again  determined  by  hiimolytic  n-Ju;tion  as  In-fore. 

When  dealing  with  bacterial  antigen,  it  is  necessary,  therefore,  to 
prepare  a  highly  potent  immune  serum  iigainst  the  bacteria  which 
contain  the  specific  antigen  which  is  sought. 

Thus  in  testing  for  typhoid-bacillus  antigen  in  the  serum  of  a  patient, 
the  substances  required  are  as  follows: 

1.  Complement:  obtained  from  fresh  guineji-pig  serum.  It  is  best 
to  titrate  the  complement  when  possiltle,  using  for  the  test  tlouble  the 
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quantity  necoaaary  to  produce  complete  hemolysis  of  1  c.c,  of  a  five 
per  cent  emulHion  of  blootl  cells,  in  the  presence  of  two  units  of  ambo- 
ceptor. 

2.  Hemolytic  amboceptor:  rabbit  serum  hemolytic  for  sheep  cor- 
puscles.   Inactivated  an<i  titrated  as  for  Wassemiann  test. 

3.  A  five-pcr-cent  emukion  of  sheep  corpuscles  in  salt  solution,  pre- 
pared as  for  Wa.ssennann  test. 

4.  A  highly  potent  typhoid  antiserum  obtained  from  an  immunized 
rabbit.  In  this  case  the  smallest  quantity  of  the  immune  serum  which 
will  cause  the  fixation  of  complement  in  the  presence  of  an  emulsion  or 
extract  of  known  typhoid  bacilli  is  determined  by  experiment. 

It  is  best  to  rub  up  the  centrifugalized  bacteria  with  dry  salt,  adding 
distilled  water  to  isotonirity.  When  the  extract  is  made,  its  anticom- 
plementary dose  is  dett^miined  and  the  minimum  quantity  which  in  the 
presence  of  known  antityphoid  serum  will  fix  complement.  These  pre- 
liminary titrations  are  analof^ous  to  those  described  as  preliminary  to 
the  Wasserraann  test.  When  these  quantities  have  been  determined, 
an  amount  of  the  bacillary  cxtrairt  (alxiut  1-3  or  1-4  of  the  anticom- 
plementary dosfO  is  chosen  for  the  sictual  tests.  It  is  well,  also,  in  such 
tc-sta  to  determine  the  amount  which  will  fix  complement  in  the  pres- 
ence of  a  known  normal  serum,  since  occasional  presence  of  antil>odies 
against  some  bacteria  in  normal  serum  may  otherwis§  confuse  the  t<st. 
The  quantities  of  antigen  and  complement  must  then  be  chosen  for  the 
test  in  such  proportions  that  no  fixation  will  occur  with  norma)  serum, 

5.  Berum  from  the  patient,  inactivated  at  56°  C.  for  twenty 
minutes. 

In  the  actual  test  a  series  of  tul>es  are  prepared  each  of  which  con- 
tains: 

1.  ('omplement,  the  determined  quantity, 

2.  Antiserum,  the  detcnnined  quantity, 

3.  Diminishing  quantities  of  the  ina<5tivated  serum  to  be  tested  for 
antigen  beginning  with  1  e.c. 

Salt  .solution  is  atkled  for  dilution  to  3  c.c 

Tliese  suKstances  are  left  together  at  37°  to  40°  C.  for  one  hour  and 
then  the  required  quantities  of  amlwceptor  and  red  cells  are  a<l(ie<l. 
Tlie  n'action  is  controlie<l  by  tubes  containing  the  same  ingredients 
without  the  typhoid  antiserum.  In  a  pasitive  test  there  will  be  no 
hemolysis  in  the  tubes  containing  the  patient's  scrum. 
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Protein  DUterentiation  by  Complsnunt  Fliation. — That  the  technique 
o(  complement  fixation  was  applicable  to  the  determination  of  specific 
proteid  antigen — such  as  human  or  animal  blood — was  shown  by  Gen- 
gou '  in  1902.  The  principles  worked  out  by  him  have  been  practically 
applied  by  Neisser  and  Sachs '  and  others  to  the  forensic  differentiation 
of  animal  proteids  and  these  tests  are  said  to  be  more  delicate  and 
reliable  than  precipitation  tests  made  for  the  same  purpose. 

The  substances  necessary  for  the  reaction  are. as  follows; 

1.  Complement,  titrated  as  above. 

2.  Hemolytic  amboceptor  as  above. 

3.  A  five-per-cent  emulsion  of  sheep  corpuscles  as  above, 

4.  Specific  antisermn. 

This  is  obt^ned  from  a  rabbit  immunized  with  the  proteid  for  which 
the  test  is  to  be  made;  viz.:  human  or  animal  blood  serum.  This  must 
be  titrated.  In  brder  to  do  this,  diminishing  quantities  of  the  antiserum 
are  mixed  in  a  series  of  tubes  with  the  determined  quantity  of  comple- 
ment, and  the  antigen  which  is  to  be  tested  for,  i.e.,  the  homologous 
serum  with  which  the  antiserum  has  been  produced.  Since  the  test 
should  be  sufficiently  delicate  to  determine  0.0001  c.c.  of  the  antigen, 
this  quantity  is  added  to  each  tube.  The  actual  titration  is  as 
follows  ;_* 

1.  Antiseniin,  undiluted       .1  +  hontologous  serum  .0001  +  complement. 

2.  Antiserum  diluted  by  10.75+  homologous. serum  .0001  +  complement. 

3.  Antiserum  diluted  by  10.75+  homologous  serum  .0001  +  complement. 

4.  Antberum  diluted  by  10.3  +  homologous  seium  .0001  +  compleraent. 

etc.,  down  to  .1 

These  tubes  are  incubated  for  one  hour  and  hemolytic  amboceptor 
and  red  blood  cells  are  added.  The  smallest  quantity  of  antiserum 
which  has  completely  inhibited  hemolysis  is  the  "unit,"  and  one  and  a 
half  to  two  times  this  quantity  is  used  for  the  test. 

5.  A  solution  of  the  blood  spot  or  otKer  material  to  be  tested  pre- 
pared as  for  precipitin  test.     (See  page  254.) 

For  the  actual  test  the  following  mixtures  are  made  in  a  series  of 
tubes,  each  of  which  contains: 


'  Gengou,  Ann.  de  I'  Inst.  Pasteur,  1902, 

■  Neiiser  und  Saelu,  Berl.  klin.  Woch.,  1905  and  1006.    See  also  Citron,  in  Kraus 
and  Levaditi  "Handbuch,"  etc. 
'■CUron,  loc.  cit. 
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„'   ,   ^."  >  quantity  determined  by  titr&tion. 

2.  Antiserum      J 

3.  DiroinishioK  quantities  of  the  subst&nce  in  which  the  antigen  is  Buspected, 
ntnging  from  O.I  c.c.  downward  to  0.0001  c.g. 

Salt  eolution  is  added  as  a  diluent  up  to  3  c.c.  and  the  tubes  are 
placed  in  the  incubator  or  water-bath  at  37.5"  to  40°  C.  At  the  end 
of  this  time  red  blood  cells  and  amboceptor  are  added  as  before. 

The  tubes  are  controlled  by  a  series  containing  all  the  above  ingredi- 
ents except  the  antiserum. 
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PHAGOCYTOSIS 


The  studies  on  immumty  which  wc  have  outlined  in  the  preceding 
sections  have  dealt  entirely  with  the  phenomena  occurring  in  the  re- 
action between  bacteria  or  bactiirial  products  and  the  bwly  fluids.  These 
studies,  we  have  seen,  have  formed  the  basis  of  a  theoretical  conception 
of  immunity  formulated  chiefly  by  the  German  school  of  bacteriologista 
under  the  leadership  of  Ehrlich,  Pfeiffer,  Kruso,  and  others.  Parallel 
with  these  developments,  however,  investigations  on  immunity  have 
been  carricil  on  which  have  brought  to  light  many  bnportant  facts  con- 
cerning the  participation  of  the  cellular  elements  of  the  body  in  ita 
resistance  to  infectious  germs. 

The  inspiration  for  this  work  and  the  greater  part  of  the  theoretical 
considerations  which  have  been  based  upon  it  have  emanated  from 
Metchnikoff '  and  his  numerous  pupils  at  the  Pasteur  Institute  in  Paris. 
The  phenomenon  which  these  observers  have  studied  in  great  detail 
and  upon  the  occurrence  of  which  they  have  based  their  conceptions  of 
inimimity,  is  known  as  phagocytosis. 

It  is  well  known  that  among  the  lowest  unicellular  animals  the 
nutritive  process  consists  in  the  ingestion  of  minute  particles  of  organic 
matter  by  the  cell.  The  rhizopods,  which  may  be  found  and  stu<]ied 
in  water  from  stagnant  pools  or  infusions,  when  observed  under  the 
microscope,  may  be  seen  to  send  out  short  protoplasmic  processes,  the 
pseudopodia,  by  means  of  which  they  gradually  flow  about  any  foreign 
particle  with  which  they  come  in  contact.  If  the  ingested  particle  is 
of  an  inorganic  nature  and  indigestible,  it  will  be  again  extruded  after  a 
varying  period.  If,  however,  the  ingested  substance  is  of  a  nature  which 
can  be  utilized  in  the  nutrition  of  the  protozoon,  it  is  rapidly  surrounded 
by  a  smaU  vacuole  within  which  it  is  gradually  dissolveil  and  becomes  a 
part  of  the  cellular  protoplasm.  This  digestion  within  the  unicellular 
organism  ia  probably  due  to  a  proteolytic  enzyme'  which  acts  in  tiie 
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presence  of  a  weaMy  alkaline  reaction.  This  has  been  shown  by  the 
actual  extraction,  from  araebce,  of  a  trypsin-Uke  fennent. 

As  we  proceed  higher  in  the  scale  of  the  animal  kingdom,  we  find  that 
this  power  of  intracellular  digestion,  while  not  upiformly  an  attribute  of 
all  the  body  cells,  is  still  weU  developed  an<l  a  necessary  physiological 
function  of  certain  cells  which  have  retained  primitive  characters.  In 
animals  like  the  coelenterata,  in  which  there  are  two  cell  layers,  an 
entoderm  and  an  ectoderm,  the  ectodermal  cells  have  lost  the  power  of 
intracellular  digestion,  while  the  entodermal  cells  are  still  able  to  ingest 
and  digest  suitable  foreign  particles.  It  is  only  as  we  proceed  to  animals 
of  a  much  higher  organization  that  the  function  of  cell  ingestion  of  crudo 
food  is  entirely  removed  from  the  process  of  general  nutrition.  Never- 
theless, in  the.se  animab  also,  the  actual  cell  ingestion  of  foreign  particles 
occurs,  but  it  is  now  limited  entirely  to  a  definite  group  of  cells.  In  the 
higher  animals  and  in  man,  this  function  of  phagocytosis  is  limited 
to  the  white  blood  cells  of  the  circidation,  or  leucocytes,  to  certain  lat^o 
endothelial  cells  lining  the  serous  cavities  and  blood-vessels,  and  to  cells 
of  a  rather  obscure  origin  which  contribute  to  the  formation  of  giant 
cells  within  the  tissues.  A  convenient  division  of  these  phagocytic  cells 
b  that  into  "wanderir^  cells"  and  "fixed  cells."  The  wandering  cells 
are  the  polymorphonuclear  leucocytes,  called  "microphages"  by 
MetchnikofT,  and  certain  large  mononuclear  elements  or  "  macrophages." 
Fixed  celb,  also  called  macrophages  by  Metchnikoff  and  possessing  the 
power  of  ameboid  motion,  include  the  cells  lining  the  serous  cavities, 
arid  the  blood  and  lymph  spaces.  The  small  lymphocytes,  so  far  as  we 
know,  have  no  phagocytic  functions. 

In  studying  the  cellular  activities  which  come  into  play  whenever 
foreign  material  of  any  description  gains  entrance  into  the  animal  body, 
a  definite  reaction  on  the  part  of  the  phagocytic  cells  may  be  observed. 
When  we  inject  into  the  peritoneal  cavity  of  a  guinea-pig  a  small  quan- 
tity of  nutrient  broth,  and  examine  the  exudate  within  the  cavity  from 
time  to  tinje,  we  can  observe  at  first  a  diminution  from  the  normal  of 
the  cells  present  in  the  peritoneal  fluid.  This  may  be  due  either  to  an 
injury  of  the  leucocytes  by  the  injected  substance,  or  to  an  actual  repel- 
lent mfluencc  which  the  injected  foreign  material  exerts  upon  the  wan- 
dering cells,'  Very  soon  after  this,  however,  the  exudate  becomes  ex- 
tremely rich  in  leucocytes,  chiefly  of  the  polymorphonuclear  variety,  the 
maximum  of  the  reaction  being  reached  about  eighteen  to  twenty-foui 

I  Pierrallini.  Ann.  de  Tinsl..  Pasteur,  1897. 
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hours  after  the  injection.  After  this,  there  is  a  gradual  diminution  in 
the  leucocytic  elements  \intil  the  fluid  in  the  peritoneal  cavity  again 
reaches  its  normal  condition.  It  is  plain,  therefore,  that  the  presence 
of  the  foreign  material  in  the  peritoneal  cavity  has,  after  a  primary 
repellent  action  upon  the  phagocytes,  attracted  them  in  large  numbers 
to  the  site  of  the  foreign  substance.  Such  repelling  or  attracting  in- 
fluences upon  the  leucocytes  are  spoken  of  as  negative  or  positive 
chemotaxis.  The  reasons  for  chemota.\is  are  not  well  undci-stood.  In 
the  case  of  bacteria,  which  chiefly  interest  us  in  the  present  connection, 
chemotactie  attraction  or  repulsion  is  intimately  dependent  upon  the 
nature  of  the  microorganism,  and  very  probably  has  a  definite  relation- 
ship to  its  virulence.  Whether  or  not  the  principles  of  chemotaxis  may 
serve  to  explain  the  hypo-  and  hyper-leucocytoses,  observed  and  diag- 
nostically  utilized  in  clinical  medicine,  is  by  no  means  positive.  It  is 
likely,  however,  that  the  two  phenomena  are  closely  associated.  Leva- 
diti '  believed  that  he  obtained  some  evidence  that  negative  chemotaxis 
may  take  place  within  the  blood-vessels  when  he  noticed  that  the  intra- 
venous injection  of  cholera  spirilla  into  immunized  guinea-pigs  rcsultcil 
in  an  immediate  disappearance  of  leucocytes  from  the  circulating  blood, 
and  their  accumulation  in  the  internal  organs.  On  the  other  hand,  this 
may  possibly  be  more  logically  explained  by  a  concentration  of  both 
bacteria  and  leucocytes  in  the  capillary  system  of  such  an  organ  as  the 
liver,  as  it  is  known  that  injected  bacteria  rapidly  disappear  from  the 
general  circulation,  but  may  be  demonstrated  in  the  various  organs  for 
some  time  after  injection. 

We  have  seen,  therefore,  that  the  invasion  of  the  animal  body  by 
foreign  material,  living  or  dead,  is  followed  by  a  prompt  response  on  the 
part  of  the  phagocytic  cells.  In  the  case  of  bacteria,  when  these  are 
deposited  in  the  subcutaneous  areolar  tissues,  the  inflammatory  reaction 
which  follows  brings  with  it  an  emigration  of  microphages  (polynuclcar 
leucocytes)  from  the  blood-vessels — and  these  arc  the  so-called  pus 
cells.  When  the  injection  of  bacteria  is  intraperitoneal,  after  a  primary 
diminution,  there  is  an  increase  of  leucocytes  in  the  peritoneal  cavity 
which  soon  results  in  the  formation  of  a  copious  turbid  exudate.  If  the 
pus  of  an  abscess  or  the  exudate  from  an  infected  peritoneum  is  ex- 
amined microscopically,  it  will  be  seen  that  many  of  the  microphages 
have  taken  bacteria  into  their  cji-oplasm.  That  fully  virulent  living 
bacteria  can  be  so  taken  up  has  been  variously  proven.     The  phago- 

^LevodUi.  Presae  vaH-  1900. 
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cytosis  18,  therefore,  not  simply  a  removal  of  the  dead  bodies  of  bacteria 
previously  killed  by  the  body-Ruids,  but  repreuents  an  actual  attack  upon 
living  and  fully  virulent  inicrooiganisnis.  That  the  ingottted  bacteria  are 
often  alive  after  ingestion  is  proved  by  the  fact  that  the  inj(%tion  of  exu- 
date containing,  80  far  aa  can  be  tieteniiincd,  only  intracellular  bacteria, 
has,  in  several  instances,  been  found  to  give  rise  to  infection. 

After  the  bacteria  have  remained  for  some  time  within  the  cytoplaiini 
of  the  leucocyte,  vacuoles  may  be  seen  to  form  about  them,  similar  to 
those  mentioned  in  discussing  the  digestive  processes  of  amcba;.  If  the 
preparations  are,  at  this  stage  or  later,  stained  with  a  onc-pcr-cent 
solution  of  neutral  red,  it  will  be  found  that  the  bacteria,  eoloricsH  under 
normal  conditions,  will  be  stained  pink,  an  evidence  of  their  beginning 
disintegration.  At  a  later  stage  in  the  process  of  iutnieellular  digestion, 
the  bacteria  will  lose  their  form,  and  appear  tiwollen,  granular,  and 
vacuolated,  and  finally  will  he  no  longer  dLstiiiguishable.  If,  on  the 
other  hand,  the  ingestion  of  bacteria  brings  about  the  death  of  a  leucocyte, 
the  neutral  red  will  not  stain  the  bacteria,  the  digestive  vacuoles  will  not 
form,  and  the  leucocyte  itself  will  disintegrate. 

It  must  not  be  forgotten,  however,  that  not  all  microorganisms  are 
equally  susceptible  to  phagocytosis.  Some  may  resist  ingestion  more 
energetically  than  others  by  agencies  not  fully  understood.  Others 
ag^n,  Uke  the  tubercle  bacillus  and  the  anthrax  bacillus  for  instance, 
may,  after  ingestion,  oppose  great  difficulties  to. intracellular  digestion. 

To  a  certain  extent,  moreover,  the  variety  of  the  bacterium  deter- 
mines the  variety  of  phagocyte  attracted  to  the  point  of  invasion.  In 
the  cases  of  most  of  the  bacteria  of  acute  diseases,  the  mic^rophagcs  or 
polymorphonuclear  leucocytes  are  the  ones  upon  which  the  bnmt  of 
the  battle  devolves.  Other  invaders,  like  the  Bacillus  tulxTculosi^, 
blastomyces,  and  others,  find  themselves  opposed  chiefly  by  the  macro- 
phages. Cells  of  animal  origin,  such  as  the  dead  or  injured  cells  of  the 
animals'  own  body  or  the  cells  of  other  animals  artificially  introduced, 
are  ingested  by  macrophages.  This  is  true  ako  of  many  parasites  of 
animal  nature. 

It  is  clear,  thus,  that  the  process  of  phagocytosis  is  a  universal  re- 
8[H)nsc  on  the  part  of  the  bo<ly  to  the  invasion  of  foreign  |Jarticl(^'^  of 
dead  material,  of  alien  cells,  and  of  living  microoti;anisms.  It  remains 
to  be  shown  upon  what  basis  this  process  may  be  regarded  as  an  essential 
feature  in  protecting  the  body  against  infection. 

The  numerous  researches  of  Metchnikoff  have  brought  out  the 
important  fact  that  phagocytosis  is  regularly  more  active  in  cases  in 
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whict  the  infected  animal  or  human  being  eventually  recovers.  In 
animahi,  furthermore,  whicli  show  a  high  natural  rcuistancc  against  any 
given  microorganism,  phagocytosis  is  decidedly  more  energetic  than  it 
is  in  animals  more  susceptible  to  the  same  incitant.  Thus,  experiment- 
ing with  anthrax  infection  in  rats,  Metchnikoff  was  able  to  show  that,  in 
these  animals,  a  decide<Uy  more  rapid  and  extensive  phagocytosis  of 
anthrax  bacilli  takes  place  than  in  rabbits  and  guinea-pigs  and  other 
animals  which  are  delicately  susceptible  to  this  infection.  While 
different  interpretations  have  been  attached  to  this  phenomenon,  its 
actual  occurrence  may  be  accepted  as  a  proven  fact. 

In  his  kter  investigations,  furthermore,  Metchnikoff  was  able  to 
show  that  a  direct  parallelism  existed  between  the  development  of 
immunity  in  an  artificially  immunized  animal  and  the  phagocytic  powers 
of  its  white  colls.  He  showed  that  rabbits  artificially  immunized  to 
anthrax,  responded  to  anthrax  infection  by  a  far  more  active  phagocy- 
tosis than  did  normal,  fully  susceptible  animals  of  the  same  species.- 

It  is  quite  impossible,  in  the  space  allotted,  to  recount  the  many 
aimilarexperimentsby  which  the  accuracyof  these  observations  has  been 
confirmed.  While  few  bacteriologists  at  the  present  day  harbor  any 
doubt  as  to  the  truth  of  these  contentions,  t'lo  fundamental  differences 
between  the  conclusions  drawn  from  these  various  phenomena  by  the 
school  of  Metchnikoff  and  by  that  of  the  Clerman  workers  may  be 
clearly  stated  as  follows:  Metchnikoff  believes  that  phagocytosis  is 
the  cardinal  factor  which  detemiincs  immimity,  while  Pfeiffer  and 
others  maintain  that  the  determining  fa<'tors  upon  which  recovery  or 
lethal  outcome  depends,  lie  in  the  fluids  of  the  body,  the  serous  exudate 
and  it«  contents  of  immimc  bodj'  an<l  romplement,  while  the  phagocy- 
tOHis  occurring  coincidently,  is  merely  a  means  of  n-moval  of  Ihe  bacteria 
after  the  outcome  has  already  l»een  <l(*ided. 

In  the  further  developments  of  his  theorj',  Metchnikoff  has  claimed 
that  the  immune  body  an<l  eompl(mient — the  prinence  of  which  in 
blood  serum  and  exudates  he  by  no  moans  overlooks^-are  derivatives 
of  the  leucocytes. 

The  immune  body  or  "fixator,"  as  Metchnikoff  has  named  it,  has 
been  shown  by  Wassermann  and  Takaki'  to  be  most  plentiful  in  the 
spleen,  lymph  nodes,  and  bone  marrow  of  animab — all  of  them  organs  in 
which  large  collections  of  leucocytic  elements  are  found.  Metchnikoft's 
opinions  as  to  the  leucocytic  origin  of  the  complement,  or  "cytase," 

•IFnewTHOTHn  unci  Takahi.  ll.Vl.  klh.  «'.«h..  ISflS. 
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have  found  support  in  the  experiments  of  Levaditi/  who  was  able  to 
demonstrate  the  absence  of  complement  in  blood  plasma, — i.e.,  where  no 
destruction  of  leucocytes  had  taken  place — and  in  thoae  of  Cantacuzfene,* 
who  showed  that  cholera-immune  guinea-pigs  would  succumb  to  intra- 
peritoneal injection  of  these  bacteria  when  the  diapedesis  of  leucocytes 
had  been  prevented  by  the  administration  of  opium. 

The  chapter  of  phagocytonis  in  its  relation  to  bacterial  immunity  is 
by  no  means  closed.  The  problems  involved  in  it  are  intricate  and  will 
require  much  further  study.  The  subsequent  sections  upon  opsonind, 
aggressins,  and  upon  leucocyte  extract,  incorporate  the  more  recent 
studies  which  may  be  said  to  have  followed  logically  in  the  footsteps 
of  Metchnikoft's  work. 

■  Levaditi,  Presse  m^.,  1000. 

*  Caiitacutine,  Anu.  tie  I'inijt.  Pasteur,  1897 
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CHAPTER  XVm 

OPSONINS,  LEUCOC\TE  EXTRACT,  AND   AGGRESSINS 
OP80HINS 

ALTHOUgh  the  theories  of  immunity  are,  as  we  have  stated,  generally 
classified  aa  the  humoral  and  the  cellular  or  phagocytic  theories,  the 
separation  has  never,  even  in  the  minds  of  the  warmest  partisans,  been 
an  absolute  one.  Thus,  Buchner  and  his  auccessoR;  looked  for  the 
origin,  first,  of  alexin,  then  of  complement,  in  the  leucocytes,  and 
Metfhnikoff  attributed  to  immune  serum  the  quality  of  stimulating  the 
leucocytes  (stimulins)  to  increased  phagocytosis.  The  serum,  accord- 
ing to  MetchnikofT,  acted,  not  directly  upon  the  bacteria,  in  the  nature 
of  bactericidal  or  lytic  substances,  but  rather  upon  the  leucocytes,  pre- 
paring or  arming  these  for  the  fray.  Dcnys  and  Leclcf  wen,  the  first 
definitely  to  oppose  this  view.  These  authors,  on  the  basia  of  ex- 
periments  done  upon  streptococcus  immunity  in  rabbits,  came  to  the 
conclusion  that  the  serum  aided  phagocj-tosis  rather  by  its  action  upon 
the  bacteria  than  by  its  influence  upon  the  leucocytes. 

Wright'  in  1903  and  1904  undertook  a  systematic  study  of  the  re- 
lation of  the  blood  serum  to  phagocytowis,  in  a  .'«me.s  of  careful  experi- 
ments. Using  his  own  modifications  of  the  tr(rhni«jue  of  I-eisbman,' 
he  first  (letermined  the  direct  dependence  of  phagocjtosis  iipon  some 
substance  contfuned  in  the  blood  serum.  He  further  proved  conelu^ 
sively  that  this  serum  component  acts  upon-  the  ba^rteria  <lirectly  and 
not  upon  the  leucocytes,  Is  bound  by  th<!  bacteria,  and  rendera  them 
subject  to  phagocytosis.  The  presence  of  these  substances  in  sera, 
furthermore,  which  appear  entirely  free  from  bactericidal  or  lytic 
bodies,  and  the  thermolabile  character  of  the  substances  (60°  for  ten 
or  fifteen  minutes  destroys  them)  seemed  to  exclude  their  identity 
with  the  immune  bodies  of  other  authors. 

'  Denya  et  Lede/,  La  cellule,  xi,  1895. 

>  Wright  anil  Dmiglat,  Pnw.  lloyiil  S<ic  London,  Uxii,  1904. 

'Lei^tnan,  Bril.  Med.  Jc.iir.,  i,  lfW2. 
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Because  of  their  action  in  preparing  the  bacteria  for  ingestion  by  Um 
leucocytes,  he  named  these  bodies  "  opsonins  "  ("(Jiui'^ut,  to  prepare  food). 

Neufeid  and  Rimpau'  soon  after,  and  independently  of  Wright, 
described  similar  substances  in  the  blood  serum  of  streptococcus  and 
pneumococcus  immune  animals,  which  they  called  bacteriotropins. 
Because  of  their  greater  thermostability  it  is  not  yet  possible  to  identify 
these  baeteriotropiiis  absolutely  with  the  opsonins. 

The  importance  of  these  opsonic  substances  in  immunity  was  shovn 
by  Wright '  in  a  series  of  experiments  in  which  he  determined  that  in 
piirsona  ill  with  staphylococca*)  or  tubercle-bacillus  infections,  the  phago- 
cytic powers  were  relatively  diminished  toward  these  microorganisms, 
but  could  be  specifically  increased  upon  active  immunization  with  dead 
bacteria  or  bacterial  products. 

The  results  of  Wright  have  been  confirmed  and  elaborated  by  bu- 
merous  workers. 

The  diminished  power  of  leucocytes  to  take  up  bacteria  without  the 
eo-operation  of  serum  was  demonstrated,  after  Wright,  by  Hektoen  and 
Ruediger,'  who  worked  with  gradually  increasing  dilutions  of  serum. 
The  contention  of  the  Wright  school,  however,  that  leucocytes  are  en- 
tirely impotent  for  phagocytosis  without  the  aid  of  serum,  can  not  be 
regarded  as  proven,  in  face  of  the  work  of  Lohlein '  and  others  who 
have  observed  phagocj'tosis  on  the  part  of  washed  leucocytes. 

The  specificity  of  opsonins  and  their  multiplicity  in  a  given  scrum 
were  shown  mainly  by  the  work  of  Bullock  and  Atkin,*  Hektoen  and 
Ruediger,'  and  Bullock  and  Western.'  These  authors  showed  that  the 
opsonic  substances  in  sera  could  be  absorbed  out  of  the  sera,  one  by  one. 
by  treatment  with  various  species  of  bacteria,  a  procedure  analogous  to 
the  method  of  absorption  used  in  the  study  of  agglutinins. 

The  increase  of  phagocytic  power  demonstrated  by  Wright  in  immune 
sera  naturally  led  to  the  question  whether  this  depended  merely  upon 
an  increase  of  the  normal  opsonins  or  whether  the  newly  formed  immune 
opsonins  were  entirely  different  substances.  The  greater  thermosta- 
bility of  the  opsonins  in  immune  sera  seemed,  at  first,  to  support  the 

1  Neufeid  und  Rimpau,  Dent.  mod.  Woch.,  xl,  1904. 

^  Wright  and  Douglat,  Proc.  Roy,  Soc.,  London,  Ixxiv,  1906 

*  Hektoen  and  Rv^iger,  Jour.  Inf.  Dis.,ii,  1905. 

*  Lohlein,  Ann.  de  I'inst.  Pasteur,  1905  and  1906. 

'  BvUock  and  AiMn,  Proc.  Roy.  Soc.,  London,  Uxiv,  1905. 
'  Hektoen  and  Rvediger,  loc.  cit. 

*  BuUock  and  WeBlem.  Proc.  Roy.  Soc.,  loo.  cit. 
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latter  view.  Dean,'  however,  showed  that  not  all  of  the  nonnal  opsonins 
are  thermolabile  and  that,  by  absorption  experiments,  bacteria  treated 
with  normal  scia  could  be  prevented  from  taking  up  opsonins  from 
immune  sera.  These  facts  seem  to  point  strongly  toward  the  identity  of 
normal  and  immune  opsonic  substances. 

Further  study  of  the  opsonins  has  led  to  numerous  other  questions 
regarding  their  structure,  their  relation  to  other  immune  bodies,  etc. 
which  are  largely  still  in  the  stage  of  controversy,  and  for  which  the 
original  monographs  must  be  consulted. 

The  controversial  questions  may  be  briefly  reviewed  as  follows: 

As  stated  above,  Wright  believed  originally  that  the  bodies  di&- 
covered  by  him  in  nonnal  sera,  the  "nonnal  opsonins,"  in  other  words, 
were  distinct  bodies  that  could  not  be  identified  with  either  the  comple- 
ment or  antibodies  present  in  serum.  Neufeld  and  Hiine,*  Levaditi  and 
Itimann,'  and  others,  on  the  other  band,  maintain  that  the  opsonic 
action  of  normal  serum,  at  least,  is  intimately  related  to  the  complement 
contents  of  such  serum. 

They  base  this  contention  not  only  upon  the  thennolability  of  noniial 
opsonins,  but  also  upon  the  fact  tliat  opsonin  may  be  removed  from 
normal  aenim  at  the  same  time  as  complement  by  the  methotl  of  com- 
plement fixation,  detailed  in  another  section  (see  pp.  245  and  261).* 

The  contention  of  Wright  that  the  thermostable  opsonic  substances 
of  immune  scrum  are  distinct  bodies,  not  identical  with  the  ambocep- 
tors, is  supported  by  the  work  of  Hcktoen,*  Neufeld  and  Ttipfer,' 
and  others.  The  problem,  however,  can  by  no  means  bo  rcgardc<l  as 
finally  settled,  since  other  workers,  notably  Ixvaditi,  are  inclined  to 
identify  the  immune  opsonins  with  lytic  amboceptors. 

.\s  to  the  structure  of  the  opsonic  substances,  moreover,  dif- 
ferences of  opinion  still  exist.  Hektoen  and  Ruediger '  who  have 
investigated  the  question  attribute  to  opsonins  a  complex  constitution. 
They  believe  them  to  possess  a  thermostable  haptoohore  group 
and  a  thermolabile  "opsonophore"  group  and  that  heating  beyond 
a   definite    temperature    converts    the    opsonins    into   opsonoids    by 

'  Dean,  Proc  Roy,  Soc,  London,  Ixxvl,  1!»5. 

'^eu/eU  and  Hiine,  Arb.  a.  d.  kais.  Gesitndheiteatnt,  xxv, 

■  hemditi  and  Injnann,  Compt.  rcud.  de  la  soc.  de  biol.,  62, 1907. 
<  tjevaditi,  PreasB  m&lioiie,  70,  1007. 

^Hektoen,  Jour,  of  Inf.  Dis.,  iii,  1906. 

•  Neufdd  und  Tdpfer,  Cent.  f.  Bakt.,  xxxviii.  1805. 

■  Utktoen  and  Hwdiger,  Jour,  of  Inf.  Dia.,  U,  190& 
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destruction  or  alteration  o.f  the  "opsonophoro"  group.  This  view  is 
not  shared  by  all  workers  and  has  been  clisputed  by  Bullock  and  Atkin.' 
The  Tftchniqae  ol  Wright. — ^Thc  three  factors  necessary  for  the  per- 
formance of  an  opsonic  test  are  (1)  the  blood  serum  to  be  tested;  (2) 
an  even  emulsion  of  bacteria,  and  (3)  leucocytes. 

(1)  Blood  serum  is  obtainetl  by  bleeding  from  the  finger  and  receiving 
the  blood  into  glass  capsules  (Fig.  fifi).  These  are  sealed  at  Iwthends; 
the  blood  is  allowed  to  clot;  and  the  separation  of  serum  ia  hastened  by 
a  few  revolutions  of  a  centrifuge. 

(2)  The  bacterial  emulsion  is  obtained  by  nibbing  up  a  few 
loopfula  of  a  twenty-four-hour  slant  agar  culture  with  a  little  physio- 
logical salt  solution  (0.85  per  cent)  in  a  watch  glass.     A  very  small 

amount  of  salt  solution  is  u.sed  at  first 
and  more  is  gradually  added,  drop  by 
<lrop,  as  the*  emulsion  becomes  more 
even.  The  final  breaking  up  of  the 
smaller  clumps  is  best  accomplished  by 
cuttitig  off  very  squarely  the  end  of  a 
capillaiy  pipette,  placing  it  perpen- 
dicidarly  against  the  bottom  of  the 
watch  glass,  and  sucking  the  emulsion  in  and  out  through  the  narrow 
chink  thus  formed.     (Fig.  (i7.) 

Emulsions  of  lubercle  bacilli  are  more  difficult  to  make.  The  bacilli 
filtered  off  in  the  manufacture  of  old  tuberculin  are  commonly  U8C<1, 
These  are  washed  in  salt  solution  on  the  filter,  and  are  then  scraped  off 
and  sterilized.  Thoy  are  then,  in  a  moist  coniUtion,  placed  in  a  mortar 
and  thoroughly  ground  into  a  paste.  While  grinding,  salt  solution 
1.5  cent)  in  gradually  ailded  until  a  thick  emulsion  appears.  This 
emulsion  may  he  diluted  and  larger  clumps  separated  by  centri- 
fugal! zution. 

(3)  The  leucocytes  an^  obtained  by  bleeding  from  the  ear  or  finger 
directly  into  a  solution  containing  eighty-five  hundredths  per  cent  to  one 
per  cent  of  sodium  chlorid  and  five-tenths  to  one  aiul  fivc-tentha  per  cent 
of  Ho<lium  citrat*'.  Ten  or  fifteen  drops  of  blood  to  5  or  6  c.c.  of  the 
solution  will  furnish  sufTicjent  leucocytes  for  a  dozen  testa.  This 
mixture  is  then  eentrifugalizcHl  at  moderate  speed  for  five  to  six  minutes. 
At  the  end  of  tlus  time,  the  corpuscles  at  the  bottom  of  the  tube 
will  be  covered  by  a  thin  grayish  pellicle,  the  buffy  coat,  consisting 

1  BuUock  and  Alkin,  Proc.  Royal  Soc,  Ixxiv,  1905, 
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chiefly  of  leucocytes.  These  are  pipetted  off  with  a  capillary  pipette 
(by  careful  superficial  scratching  movements  over  the  surface  of  the 
buffy  coat). 

There  being,  of  course,  no  absolute  scale  for  phagocytosis,  whenever 
an  opsonin  determination  is  made  upon  an  unknown  serum,  a  parallel 
control  test  must  be  ma<le  upon  a  normal  serum.  This  normal  is  best 
obtained  by  a  "pool"  or  mixture  of  the  sera  of  five  or  six  supposedly 
normal  individuals. 

The  three  ingredients — scrum,  bacterial  emulsion,  and  leucocytes — 
having  thus  been  prepared,  the  actual  test  is  carried  out  as  follows: 


Fig.  67. — Pipette  for  Opsonic  Work. 

Capillary  pipettes  of  about  six  or  seven  inches  in  length  and  of  nearly 
even  diameter  throughout,  are  made.  These  are  fitted  with  a  nipple 
and  a  mark  is  made  upon  them  with  a  gretuw-pcncil  about  2  to  3  cm. 
from  the  end  (Fig.  68).  Corpuscles,  bacteria,  and  serum  are  then 
successively,  in  the  order  named,  sucked  into  the  pipette  up  to 
the  mark,  being  separated  from  each  other  by  small  air-bubbles.  Equal 
quantities  of  each  having  thus  Ixtn  secured,  they  are  mixed  thoroughly 
by  repeatedly  drawing  them  in  and  out  of  the  pipette  upon  a  slide. 
The  mixture  is  then  drawn  into  the  pipette;  the  end  is  sealed;  and 
incubation  at  37.5°  is  carried  on  for  an  arbitrary  time,  usually  fifteen 
to  thirty  minutes.'    The  control  with  normal  scrum  is  treated  in  exactly 


Fia.  6S. — PiPETTB  wrrB  thrbb  Substances,  Corfubci-bb,  Bacteria,  and  Serum, 

the  same  way.  After  incubation  the  end  of  the  pipette  is  broken  off, 
the  contents  are  again  mixed,  and  smqars  are  made  upon  glass  slides  in 
the  onUnary  manner  of  blood  smearing.  Staining  may  be  done  by 
Wright's  modification  of  Irishman's  stain,  by  Jenner's,  or  by  any  other 
of  the  usual  blood  stains.  In  these  smears,  then,  the  number  of  bacteria 
contained  in  each  leucocyte  is  (counted.     The  contents  of  about  eighty 

'  ForthepurpoBcof  iDcul>Btion,(t|ircially  conxtnirted  wftler  baths, mftrki-teil  iiinlpr 
the  name  of "  opaonizers,"  may  be  iiHeil. 
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to  one  hundred  cells  are  usually  counted  and  an  average  is  taken. 
This  average  number  of  bacteria  in  such  leucocytes  is  spoken  of  as  the 
"phagocytic  index."  The  phagocytic  index  of  the  tested  serum,  divided 
by  that  of  the  "normal  pool"  (control)  serum,  gives  the  "opsonic 
index." 

Another  method  of  estimating  the  opsonic  content  of  a  given  blood 
Berum  has  been  contributed  by  Simon,  Lamar,  and  Bispham.'  These 
authors  employed  dilutions  both  of  the  patient's  scrum  and  of  normal 
serum  ranging  from  one  in  ten  to  one  in  one  hundred.  With  these 
dilutions,  they  carry  out  opsonic  experiments  with  bacterial  emulsions 
and  washed  leucocytes  in  the  same  way  as  this  is  done  in  the  Wright 
method,  except  that  they  recommend  the  emplo>'ment  of  thinner  bac- 
terial emulsions  than  are  usually  employed  in  the  former  method.  In 
examining  their  slides,  they  do  not  estimate  the  number  of  bacteria 
found  within  the  leucocytes,  but  rather  the  percentage  of  leucoc}*te8 
which  actually  take  part  in  the  phagocytic  process,^  i.e.,  which  con- 
tain bacteria. 

By  the  same  method  of  dilution,  they  determine  what  they  have 
called  "the  opsonic  coefficient  of  extinction,"  a  phrase  which  is  used  to 
expresti  the  degree  of  dilution  of  tlie  serum  at  which  no  further  phagocy- 
tosis takes  place.  They  claim  for  their  methods  the  more  tlelicatc  de- 
termination of  variations  in  opsonic  power.  The  method  has  not  been 
sufficiently  used  to  permit  the  expression  of  an  opinion  as  to  its  value. 

Th«  Vaccine  Tb«rapy  of  Wright. — In  connection  with  his  more 
theoretical  work  upon  opsonins,  Wright  has  laid  much  stress  upon  the 
value  of  active  immunization  in  the  treatment  of  infectious  diseases. 
Beginning  his  work  with  staphylococcus  and  tubercle-bacilliL'^  infections, 
he  has  extended  his  methods,  with  the  aid  of  many  collaborators,  to 
gonococcUB,  streptococcus,  pneuraococciis,  and  a  number  of  other 
bacterial  infections.  In  all  these  cases,  when  possible,  he  uses  for 
therapeutic  purposes  a  so-called  "autogenous  vaccine"  which  is  made 
with  the  bacteria  isolated  from  the  patient  himself.  In  the  case  of 
tubercle-bacillus  infections,  he  uses  for  treatment  the  new-tuberculin- 
bacillary-emulsion  of  Koch.  The  production  of  vaccine  is,  according 
to  Wright,  as  follows: 

Production  of  Vticcines. — After  isolation  of  the  organisms  from  the 
patient,  cultures  are  made  with  a  view  of  obtaining  considerable  amounts 

■  Sinum,  Lamar,  and  Bispham.  Joiir.  Exp.  Med.,  viii,  1906. 
*Simon  and  Lamar,  Johns  Hopkins  Hosp.  Bull.,  xvii,  1906. 
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of  bacterial  growth.  In  making  vaccioes  with  poorly  growing  organisiUB, 
lai^e  surfaces  must  be  inoculated.  Ot;gaiiiams  are  beet  grown  for  this 
purpose  upon  the  surface  of  agar  or  glucose  agar  (the  enrichmeut  of  the 
agar  with  sugar  or  acetic  fluid,  etc.,  depending  upon  the  cultural  require- 
ments of  the  (/fganism  in  question),  in  square  eight-ounce  medicine 
bottles  laid  upon  their  sides.  This  fumunhes  a  large  area  for  inoculation. 
After  BufEcient  growth  haa  taken  place  upon  the  agar,  two  or  three  cubic 
centimeters  of  sterile  normal  salt  solution  are  introduned  Into  the 
bottles  with  a  sterile  pipette.  With  this  the  growth  is  gently  washed 
ofT  the  surface  of  the  agar,  more  salt  solution  gradiially  being  added  as 
necessary.  The  emulsification  may  be  facilitat«d  by  gently  scraping 
the  growth  off  the  mctlium  by  means  of  a  flexible  platinum  loop.  This 
thick  bacterial  emulsion  is  then  pipetted  out  of  the  bottles,  during  which 
process  an  equalization  of  the  emulsion  can  be  attained  by  repeated 
sucking  in  and  out  with  the  pipette.  The  emulsion  is  then  placed  in  a 
sterile  test  tube  which  may  then  be  drawn  out  at  its  open  end  into  a 
capillary  opening.  It  is  a  point  of  practical  importance  that,  in  pre- 
paring such  capsules  out  of  a  test  tube,  a  few  inches  of  air  space  should 
be  left  above  the  surfape  of  the  emulsion,  so  that  expansion  during 
heating  may  not  blow  out  the  top  of  the  glass  tube.  A  dozen  or  so  of 
sterile  glass  beads  may  be  put  into  these  tubes  in  order  to  aid  in  emul- 
sification. Shaking  the  beads  in  such  a  tube  will  help  in  breaking  up 
small  clumps  of  bacteria. 

The  emulsion  is  then  standardized ;  that  is,  a  numerical  estimation 
of  bacteria  per  cubic  centimeter  must  be  made.  This  standardization 
is  best  done  before  sterilization,  because  during  the  latter  process  a 
number  of  bacteria  may  be  broken  up,  and,  while  unrecognizable 
morphologically,  are,  nevertheless,  represented  in  the  emulsion  by  their 
products.  The  standardization  may  be  accomplished  by  highly  diluting 
a  definite  volume  of  the  emulsion,  planting  plates  with  definite  quan- 
tities of  the  dilution,  and  counting  colonies.  Wright  prefers,  as  more 
exact,  an  enumeration  of  the  bacteria  against  red  blood  cells.  This  is 
done  in  the  following  way: 

A  little  of  the  emulsion  is  placed  in  a  watch  glass  and  from  it,  with  a 
pipette  as  used  in  the  estimation  of  the  opsonic  index,  one  volume  is 
taken  and  is  mixed  with  an  equal  volume  of  blood  from  the  finger  and 
two  or  three  volumes  of  salt  solution.  The  salt  solution  is  added  in 
order  to  dilute  the  red  cells  so  that  they  can  be  conveniently  counted 
and  to  prevent  clotting.  These  substances  are  thoroughly  mixed  in  a 
pipette  and  spread  upon  a  slide  as  in  making  a  blood  smear,  and  as  even 
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and  uniform  a  smear  as  possible  should  be  made.  They  are  then  stained 
either  by  Jenner's  or  Wright's  blood  stain. 

The  preparations  are  examined  with  an  oil-immersion  lene.  In 
order  to  limit  a  definite  microacopic  field,  it  is  convenient  to  use  an 
Khrlich  diaphragm,  or  else,  in  lieu  of  this,  to  mark  a  circle  with  a  blue 
pencil  upon  the  lens  of  the  eye-piece.  The  red  blood  cells  and  bacteria, 
in  a  number  of  these  fields,  are  counted  and  the  ratio  between  them  is 
88tiipat«(l,  Knowing  the  number  of  red  blood  cells  to  the  cubic  milli- 
meter in  the  particular  blood  employed,  by  previous  blood  count, 
and  knowing  that  equal  volumes  of  blood  and  of  bacterial  emulsion 
,  have  l>een  used  in  the  mixture,  it  is  easy  from  this  ratio  to  ascertain 
the  number  of  bacteria  contained  in  a  cubic  miilimeter  of  the  original 
emulsion.  Thus,  for  iostancc,  if  in  an  average,  of  twenty  fields  bacteria 
are  to  red  blood  cells  aa  two  is  to  one,  and  the  blood  employed  con- 
tains five  million  ro<l  blootl  cells  to  each  cubic  millimeter,  then  a  cubic 
millimeter  of  our  emulsion  contained  ten  million  bacteria,  and  a  cubic 
centimeter  one  thousand  timea  as  many. 

Special  centrifuge  tubes  with  graduated  narrow  tips  at  the  bottom 
have  been  si^Kcstod  by  Hopkins  for  vaccine  standardization.  Bacteria 
centrifugalized  up  to  a  certain  mark  represent  a  definite  number  per 
cu.  mm.  when  taken  up  in  a  given  volume  of  salt  solution. 

The  vaccine,  thus  standardized,  is  sterilized  at  60°  C.  for  one  hour 
for  several  days.  Its  sterility  is  then  controlled  by  culture  and  animal 
inoculation. 

From  this  stock  emubiion  small  quantities  may  be  drawn  off  and 
diluted  for  therapeutic  use. 

The  initial  dose  given  by  Wright  in  staphylococcus  infections,  in 
which  the  metho<l  has  been  most  frequently  employed,  varies  from 
fifty  to  one  hundred  millions  of  bach^ria.  In  working  with  the  tubercle 
bacillus,  the  ordinary  tuberculin  dosage  is  adhered  to. 

Wright,  in  his  work,  makes  mm  of  the  opsonic  index  in  order  to 
estimate  changes  in  the  resistance  of  the  patient  against  the  given  in- 
fection. In  other  words,  he  bases  his  judgment  as  to  whether  the 
patient  is  improving  or  not,  upon  the  opsonic  power  of  the  patient's 
serum.  In  following  the  opsonic  index  of  a  patient  during  systematic 
treatment  with  vaccine,  Wright  has  found  definite  changes  upon  the 
basis  of  which  he  constructs  a  curve  of  opsonic  power.  Immediately 
after  the  injection  of  vaccine,  he  finds  that  there  is  a  brief  period  during 
which  the  opsonic  power  of  the  patient  is  depressed  below  its  original 
state.  This  he  calls  the  negative  phase.  The  length  of  time  occupied 
by  this  nt^tive  phase  depends  both  upon  the  condition  of  the  patient 
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and  upon  the  size  of  the  dose  given.  It  is  usually  completed  within 
twenty-four  hours.  After  this,  there  is  a  gradual  rise  in  the  opsonic 
power,  at  first  rapid,  later  more  slow,  until  a  niaximum  is  reached  after  a 
varying  number  of  days.  This  period  of  rise  represents  the  positive 
phase.  The  second  inoculation  with  vaccine  should,  a(^<^rding  to  Wright, 
be  made  when  the  opsonic  power  is  again  beginning  to  sink  after  the 
highest  point  of  the  positive  phase. 

The  facts  of  Wright's  investigations  have  bt^-n  given  in  the  pre- 
ceding without  much  critical  consideration.  Those  features  which  con- 
cern themselv<'s  y,-ith  the  proof  of  the  opsonic  properties  of  normal 
wid  immune  wrum  have  !)een  of  tlie  greatest  scientific  importance  and 
a  great  deal  of  lienefit  has  accrruetl  from  the  renewed  attention  turned 
by  him  toward  methods  of  active  immunization  in  human  beings. 
Vaccine  therapy  in  many  condition.^  has  irome  to  stay,  although  some 
of  the  very  extravagant  earlier  claims  have  had  to  fall  down.  It 
is  also  pFctty  certain  at  present  that  the  opsonic  index  measure- 
ments as  a  guide  to  treatment  is  of  very  little  value  and  may  even  mis- 
lead. 

LeucocytA  Extract.— In  the  sections  upon  Phagocytosis  and  Op- 
Bonins,  we  have  disciLssetl  the  protective;  action  exerted  l)y  the  living 
leucocyte's  against  bat^terial  Infeiition  and  the  relation  of  these  cells  to 
the  blood  serum;  furthermore,  tliat,  while  our  knowledge  of  the  blood 
serum,  as  developed  at  present,  shows  that  phagocytes  may  be  aided 
by  this  in  the  ingestion  of  bacteria,  the  subsequent  digestion  of  the 
germs,  and  possibly  the  neutralization  or  destruction  of  their  nitracel- 
lular  poisons,  Ls,  as  far  ^s  we  know,  largely  iiccom pi ished  by  the  unaided 
piiagocytic  cell.  It  is  an  obvious  thought,  therefore,  that,  in  Uie  struggle 
with  bact<irial  inviulcrs,  tlie  leucocytic  dcfend(!i-s  might  be  coiusiderably 
re-enforced  if  they  woi-e  fnmislicd,  jks  diivctly  as  |K)Ssible,  ivith  a  further 
supply  of  the  very  wea|H>ns  which  they  w(;re  uriing  in  tlie  figlit  witli 
the  microorganisms.  With  this  thought  iis  a  jwiint  of  depaHuii',  Hiss  ' 
conceived  the  plan  of  injecting  into  infect^'d  subjects  tlie  substances 
composing  the  chief  cells  or  all  the  cells  usually  found  in  cxiidato-s,  in 
the  most  fiiffusiblc  form  and  as  little  changed  by  manipulation  as  possi- 
ble; and  he  also  assumed  that  extnwts  wouhl  Iks  more  efficacious  than 
living  Icucocyte-s  themselves,  since  if  difTusilile  they  woul<l  be  distrib- 
uted impartially  to  all  parts  of  the.  body  by  the  cii'culatory  mechan- 
ism.  They  would  then,  as  quiirkly  as  absoiption  would  permit,  relieve 
the  fatigued  leucocyte  anil  also  pn)t(5ct  by  any  toxin -neutral!  zing  or 
other  power  they  might  pos.ses.s,  the  cells  of  highly  specializcil  functions. 
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The  method  of  obtaining  these  substances  as  used  both  in  animal 
experiments  and  in  the  treatment  of  human  subjects  ia  at  present  as 
follows: 

Rabbits,  preferably  of  1,500  grams  weight  or  heavier,  receive  intra- 
pleural injections  of  aleuronat.  This  b  prepared  by  making  a  three 
per  cent  solution  of  starch  in  meat-extract  broth,  without  heating, 
and  adding  to  this,  after  the  starch  has  gone  into  thorough  emulsion, 
five  per  cent  of  powdered  aleuronat.  This  is  thoroughly  mixed,  boiled 
for  five  minutes,  andfille<l  into  sterile  potato  tubes,  20  c.c.  into  each  tube. 
Final  sterilization  is  done  preferably  in  an  aut-oclave.  The  rabbit  in- 
jections are  carried  out  by  injecting  10  c.c,  into  each  pleural  cavity 
in  the  intercostal  spaces  at  the  level  of  the  end  of  the  sternum,  in  the 
anterior  axillary  line,  great  care  being  exerted  to  avoid  puncturing  of 
the  lungs.  The  rabbits  are  left  for  twenty-four  hours,  at  the  end  of 
which  time  a  copious  and  very  cellular  exudate  will  have  accumulated 
in  the  pleural  cavities.  This  ia  removed,  after  killing  the  animals  with 
chloroform,  by  opening  the  anterior  chest  wali  under  rigid  precautions 
of  stciility,  and  i)ipetting  the  exudate  into  sterile  centrifuge  tubes. 
Immediate  centrifugalization  bfifore  clotting  can  take  place  then  per- 
mits the  deiranting  of  the  supernatant  exudate  fluid.  To  the  Icuco- 
cytic  sediment  is  then  added  about  2  c.c.  of  sterile  distilled  water,  and 
the  emulsion  is  thoroughly  beaten  up  with  a  stiff  bent  platinum  spatula. 
Smears  arc  now  made  on  slides,  stained  by  Jennor's  blood  stain,  and  ex- 
amined for  possible  bacterial  contamination.  It  is  well  also  to  take 
cultures.  Sterile  distilled  water  is  then  added  to  each  tube,  about  twenty 
volumes  to  one  volume  of  sediment,  and  the  tubes  are  act  away  in  the 
incubator  for  eight  hours.  At  the  end  of  this  time  the  sterility  b  again 
contniilcd  an  above,  and  further  extraction  in  the  refrigerator  continued 
until  the  extract  is  used. 

In  experimenting  upon  animals.  Hiss '  observed  that  pneumococcus, 
staphylococcus,  streptococcus,  meningococcus,  and  typhoid,  dysentery, 
and  cholera  infections  in  rabbits  and  guinea-pigs  were  profoundly  modi- 
fied when  injections  of  leucocyte  extracts,  prepared  as  above,  were  a<I- 
ministered  intnviKTitoncally  or  subcutaneously  during  the  course  of  the 
infection.  In  many  ca.'fes  animals  were  saved  by  these  substances  from 
infections  which  proved  rapidly  fatal  in  untreated  control  animals,  even 
when  the  protective  injections  were  made  as  late  as  twenty-four  hours 
after  intravenous  infection. 

I  UUb,  Jour.  Med.  Res.,  N.  S.,  xiv,  3,  1008. 
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In  t^plyii^  this  method  of  treatment,  by  subcutaneous  injections, 
to  infections  in  man,  Hiss  and  Zinsser  observed  distinctly  beneficial 
results  in  cases  of  epidemic  cerebrospinal  meningitis,  in  lobar  pneu- 
monia, in  staphylococcus  infections,  and  in  erysipelas.' 

In  experimenting  with  the  leucocyte  extracts  in  vitro  the  same  au- 
thors were  able  to  show  that  precipitatcB  occurred  when  clear  leucocyte 
extract  and  the  clear  extract  of  various  bacteria  were  mixed. ^ 

Further  experiments,  carried  out  both  in  animals  and  in  the  test 
tube,  showed  that  while  the  leucocytic  extracts  possessed  slight  bactericidal 
powers  for  a  variety  of  microorganisms,  these  attributes  did  not  seem 
sufficient  to  explain  the  profound,  modifying  influences  exerted  upon 
bacterial  infections  by  these  extracts.  Hiss  and  the  writer  in  their 
earUer  work  thought  that  possibly  the  action  of  the  leucocytic  extracts 
consisted  of  the  neutralization  of  bacterial  poisons.  It  is  the  opinion 
of  the  writer  at  present  that  it  is  more  likely  that  these  substances 
favorably  influence  infection  by  their  action  in  increasing  leucocytosis, 
or,  in  other  words,  non-specific  ckeinotactic  action. 

That  bactericidal  substances  can  be  extracted  from  leucocytes  by 
various  methods  has  b**n  repeatedly  shown  by  Schattenfroh,  Petterson, 
Korschun,  and  others.*  The  researches  of  Petterson  as  well  as,  more 
recently,  the  work  of  Zinsser,  have  shown' that  these  "  endolysins,"  as 
Petterson  has  called  them,  have  a  structure  quite  different  from  that 
of  the  serum  bacteriolysins  in  that  they  are  not  rendered  inactive  by 
temperatures  under  80°  C,  but,  when  once  destroyed  by  higher  tem- 
peratures, can  not  be  reactivated  either  by  the  addition  of  fresh  serum 
or  of  unheated  leucocyte  extracts.  The  last-named  authors,  moreover, 
have  shown  that  these  endocellular  bactericidal  substances  are  not 
increased  by  immunization,  the  quantity  present  in  each  leucocyte  being 
probably  at  all  times  simply  sufficient  for  the  digestion  of  the  limited 
number  of  bacteria  which  can  be  taken  up  by  the  individual  leucocyte. 

The  Problem  of  Virulence.- — An  extremely  obscure  chapter  in  our 
knowledge  of  the  reaction  of  animals  and  man  against  infection  is  the 
one  dealing  with  the  questions  of  varying  path«^enicity  between  differ- 
ent bacterial  species  and  between  different  races  of  the  same  micro- 
organism.    We  know  that  certain  bacteria  may  be  injected  into  an 

'  Hin  and  Zintser,  Jour.  Med.  Res.,  N.  S.,  idv,  3,  1908;  ibid.,  xv,  3,  1909. 

'  HUt  and  Zin»$er,  ibid.,  xiv,  3,  1908. 

' Sehatlenfroh,  Arch.  f.  Hyg,,  1897;  Pellerttm,  Cent.  f.  Bakt,,  I,  xjtxix,  1905,  and 
ibid.,  xlvi,  1908;  Kortdiun,  Ann.  de  1'  Inst.  Pasteur,  xxii,  1908;  Zinsser,  Jour.  Med. 
Bia.,  xxii,  3,  1910. 
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animal  or  hiunftii  being  in  conaidt!ral)le  quantities,  without  producing 
an>-thing  more  than  the  temporary  local  disturbance  following  the  sub- 
cutaneous administration  of  any  innocuous  material.  Other  bacteria, 
on  the  other  hand,  such  as  the  bauillus  of  anthrax  or  the  )>acillus  of 
chicken  cholem,  injected  in  the  most  minute  dosage,  may  give  rise  to 
a  rapidly  fatal  septicemia.  Within  the  same  species,  furthermore, 
fluctuations  in  virulence  may  take  place  which  may  depend  upon  a 
variety  of  influences  which  have  l)een  discussed  in  another  section  and 
need  not  be  recapitulated.  Suffice  it  to  say  that  variations  in  the  sus- 
ceptibility of  inoculated  subjects  do  not,  in  any  way,  furnish  a  sufficient 
eiqilanation  for  these  phenomena. 

In  an  effort  to  cjist  light  upon  this  subject,  Bail,  following  in  the 
foot-steps  of  his  predecessors,  Kruse,'  Deutsch  and  Feistmantel,*  has 
formulated  his  so-called  "af^^ressln-thixiry," 

Bail '  was  first  led  to  the  formulation  of  his  theory  by  extensive  re- 
searches which  he  had  made  in  conjunction  with  Petterson '  into  an- 
thrax immunity.  He  had  note<l,  as  others  before  him  had,  that  animals, 
highly  susceptible  to  anthriix,  often  iX)sses.sed  marked  bactericidal 
powers  against  this  bacillus.  When  such  animals,  whose  serum  should 
surety  lie  capable  of  bringing  almut  the  <leath  of,  at  least,  a  few  hundred 
anthrax  bacilli,  were  injectie<rwith  doses  far  leas  than  this  number  they 
nevertheless  suceumlxMl  rapidly  and  the  bacilli  multiplied  enormously 
in  their  bodies.  He  argued  from  this  that  the  injected  microorganisms 
must  possess  some  weapon  whereby  they  were,  tmabled  to  counteract 
the  protective  fiintes  of  the  animal  ot^anism.  In  an  anthrax-iramune 
animal,  as  a  matter  of  fact,  no  proliferation  of  bacteria  toolc  place  and 
the  injected  germs  were  rapidly  dispa'ied  of  by  the  protective  forces, 
foremost  of  which  wjis  phi^ocj'tosis. 

The  theory  of  Bail  *  contains  the  following  basic  principles:  * 

Pathogenic  bacteria  differ  fundamentally  from  non-pathogenic  bac- 
teria in  their  power  to  overcome  the  protective  mechanism  of  the  ani- 
mal body,  and  to  proliferate  within  it.  They  accomplish  this  by  virtue 
of  definite  substances  given  off  by  them,  probably  in  the  nature  of  a 
secn'tion,  which  iicts  primarily  by  protecting  them  ag^unst  phagocy- 

'  Krvse,  Zienler's  Bcitrane,  xii,  IKft3. 

'  Dfulsrh  uiiil  Ffuitmiivlil,  "Die  I[ii]>fMl.o)Te  in  Si^ra,"  I^t^ipzif;,  1903. 

»B-i!Y,  Ont.  f.  Hiikt.,  1.  xxvii,  l<KK),  and  xmiii,  IIKB. 

*  Rail  iimi  PHtfrmm.  Ont.  f.  Hakt.,  I,  xjtxiv,  1903;  xjtxv,  1904;  xxxvi,  I9m. 

'Unit.  Arc-h.  f,  Hyg„  lii.  UtO.'i;  liii,  1!HK;  Wien.  kliii.  Wnch.,  xvii,  li»5. 

'Bati  imd  WeU,  Wicn.  kliii.  Worh.,  ix,  t<MN>;  Cent.  f.  Bakt.,  I,  xl,  1900;  xUi,  1906. 
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toeis.  These  substances  {referred  to  by  Kruse'  as  "  Lysins  ")  were  named 
by  Bail,  "  Aggressins,"  The  production  of  af^ressins  ))y  pathogenic 
germs  is  probably  absent  in  test-tube  cultures,  or,  at  any  rate,  is  greatly 
depressed  under  such  conditions,  but  is  called  forth  in  the  animal  body 
by  the  influences  encountered  after  inoculation. 

These  aggressins  can  be  found,  according  to  Bail,  in  the  exudate 
.  about  the  site  of  inoculation  in  fatal  infections.  He  obtained  them, 
separate  from  the  bacteria,  by  the  centrif ligation  and  subsequent  de- 
canting of  edema  fluid,  and  pleural  and  peritoneal  exudates. 

Two  experimental  observations  are  brought  by  Bail  in  support  of 
the  truth  of  his  contentions.  In  the  first  place,  he  waa  able  to  show 
that- fatal  infection  could  be  produced  in  animals  by  the  injection  of 
sublethal  doses  of  bacteria,  when  these  were  administered  with  a  small 
quantity  of  "aggressin,"  He  inferred  from  this  that  the  injected  ag- 
gresain  had  paralyzed  the  onslaught  of  phagocytic  and  other  protective 
agencies,  and  had  thus  made  it  possible  for  the  bacteria  to  proliferate. 

The  second  experimental  support  of  Bail's  theory  consists  in  the 
succeaaful  immunization  of  animals  with  aggressin.  Animals  were 
treated  with  aggressive  exudates,  from  which  all  bacteria  had  been  re- 
moved by  centrifugalization  and  which  had  been  rendered  sterile  by 
three  hours'  heating  .to  60°  C.  and  addition  of  0.5%  phenol.  Animals 
30  treated  were  not  only  immune  themselves,  but  contained  a  substance 
in  their  serum  which  permitted  the  passive  immunization  of  other  un- 
treated animals.  Bail  explained  this  by  assuming  the  production  of 
anti-^gressins  in  the  treated  subjects.  His  experiments  and  those  of 
his  pupils  were  conducted  with  the  typhoid  and  dysentery  bacilli,  the 
bacilli  of  chicken  cholera  and  of  plague,  the  cholera  spirillum,  and  va- 
rious micrococci.  According  to  whether  a  microorganism  is  capable  of 
producing  an  aj^ressin  and  consequently  of  invading  the  animal  body, 
heihvides  bacteria  into  "pure  parasites,"  "  half  parasites,"  ajid  "sapro- 
phytes." 

The  theory  of  Bail  has  Ixwn  attacked  chiefly  by  Wasscnnann  and 
Citron,'  Wolff,'  and  Sauerbeck.*  The  criticism  which  these  investigators 
make  of  Bail's  views  has  succewled  in  placing  the  "imgrcs.sin"  theory 
in  doubt.  It  is  clauned  by  tht^m  t)mt  much  of  the  "a^rcssive"  char- 
acter of  Bail's  exudates  is  due  to  their  containing  Hlx-rated  bacterial 
poisons  (endotoxins).     This  they  have  mnintaimtd  both  because  the 

'  Watsennann  and  Citrim,  Dcut.  nied.  Woch.,  xxviii,  1905. 

»  WfAg,  Cent.  f.  Bakt.,  I,  xxxviii,  1906.  '  Samrheck,  Zeit.  f.  Hyg.,  Ivi,  1907. 
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sterile  "a^rcssin"  exudates  could  be  shown  to  possess  a  considerable 
degree  of  toxicity  and  because  the  aggressive  action  could  be  duplicated 
by  aqueous  extracts  of  bacteria.  Citron,'  was  able  to  show,  by  the 
Bordet-Gengou  method  of  complement  fixation,  that  the  exudates  of 
Bail  contained  quantities  of  free  bacterial  receptors,  which,  in  taking 
up  immune  body,  would  neutralize  any  destructive  power  on  the  part 
of  the  infected  animal. 

The  writer  in  conjimction  with  Dwyer*  has  done  certain  experiments 
which  scorn  to  indicate  that  Bail's  l^Kressin  may  be  in  the  nature  of 
anaphylatoxin.  The  addition  of  such  anaphylatoxin  to  bacteria  will 
convert  a  sublethal  into  a  lethal  dose,  as  will  Bail's  aggressin,  and  in 
principle  the  manner  of  production  is  the  same.  The  nature  of  the 
immunity  produced  in  animals  by  Bail's  method  of  treatment  is  less 
easily  explained  and  less  exposed  to  adverse  criticism.  Whatever  may 
be  the  truth  about  the  possession  of  offensive  weapons  on  the  part  of 
bacteria,  it  is  certainly  a  fact  that  microoiT;anisms  differ  much  in  their 
powers  of  defense  against  destruction  by  the  cells  in  sera  of  the  animal 
body.  Virulent  bacteria  are  not  destroyed  by  serum  or  agglutinated 
or  taken  up  by  leucocytes  as  easily  as  are  the  non-virulent.  In  some 
cases  there  seems  to  be  no  morphological  clue  to  the  reason  for  this. 
In  other  cases,  like  pncumococci,  Friedlander  bacilli  and  others,  there 
is  a  bacterial  capsule  which  seems  to  insulate  these  organisms  against 
attaitk.  Many  bacteria  lose  their  capsules  in  the  non-virulent  stage  on 
culture  media,  but  form  them  within  the  animal  body  in  the  process 
of  infection,  Ag^n,  bacteria  rendered  non-virulent  by  cultivation  on 
artificial  media  may  become  virulent,  inagglutinablc,  and  more  resistant 
to  phagocytosis  when  cultivated  on  immune  sera  or  passed  through  the 
animal  body. 

Thus  the  power  to  invade  depends  possibly  upon  a  combination  of 
offensive  properties  and  defensive  qualities  on  the  part  of  the  bacteria. 
Added  to  this,  some  of  us  believe  that  the  reaction  between  lytic  anti- 
bodies and  the  bacterial  protein  may  produce  toxic  substances  which 
poison  the  animal  body,  prevent  positive  chemotaxis,  and  thereby  lud 
the  invader. 

Again,  there  are  microorganisms  like  the  treponema  pallidum  in 
syphilis  where  adaptation  between  invader  and  host  seems  to  be  of 
such  a  nature  that  an  indifferent  reaction  ag^nst  the  invading  organism 
only  is  set  up. 

■  Cilrm,  Cent.  f.  Bakt,,  I.  xl,  1905;  xli.  li)06;  and  Zeit.  f.  liyg.,  lii,  1905. 

*ZinsieT  auU  Dwyer,  Proceedings  of  Ihe  Svc,  forExper.  Biol,  and  Med.,  1914,  li,  74-76. 
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CHAPTER  XIX 
ANAPHYLAXIS  OR  HYPEESUSCEPTIBILITY 

PHENOMENA  OP  ANAFETLAZIS 

The  phenomena  now  grouped  together  under  the  heading  of  anaphy- 
laxis and  hypeiBUsceptibility  have  but  recently  become  the  subject  of 
systematic  experimentation.  Nevertheless,  manifestations  now  recog- 
nised as  belonging  to  this  category,  had  not  escaped  the  attention  of  a 
number  of  the  earlier  workers  in  immunity. 

By  anaphylaxis  ia  meant  the  following  train  of  phenomena:  When 
a.  foreign  proteid  is  introduced  by  subcutaneous,  intraperitoneal,  intra- 
venous, or  subdural  injection  (or  in  some  cases  by  feeding)  into  the 
animal  body,  after  a  time  there  will  appear  a  specific  hypersuscepti- 
bility  of  the  animal  for  this  proteid.  After  a  definite  interval,  a  second 
injection  of  the  same  substance,  harmless  in  itself,  will  produce  violent 
symptoms  of  illness  and  often  rapid  death  in  an  animal  so  prepared. 
The  phenomena  are  not  limited  to  any  given  class  of  proteids,  but  are 
manifest  in  the  case  of  animal,  vegetable,  and  bacterial  proteids,  and 
within  certain  limits  arc  specific. 

As  early  aa  1893,Behring'  and  his  pupils*  ha^l  noticed  that  animals, 
highly  immunized  against  diphtheria  toxin,  with  high  antitoxin  content 
■  of  the  blood,  would  occasionally  show  marked  susceptibility  to  injections 
of  small  doses  of  the  toxin. 

The  phenomena  observed  by  them  wa.s  interpretetl  as  an  increased 
tissue  susceptibility  to  the  toxin,  and  Wassermann,  reasoning  on  the 
basis  of  Ehrlich's  side-chain  theory,  formulated  the  conception  that  the 
increased  susceptibility  was  due  to  toxin  receptors,  increased  in  number 
by  immunization,  but  not  yet  sep'arated  from  the  cells  that  had  produced 
them;  the  cells  thereby  becoming  more  vulnerable  to  the  poison.  In 
the  same  category  belongs  the  observation  of  Kretz,  who  noticed  that 
normal  guinea-pigs  did  not  showany  reaction  after  injections  of  innocuous 

'  Bekring,  Deut.  med.  Woch.,  1893. 

'KnoTT,  Dissert.,  Marburg,  1895;  Bekring  und  Kitashina,  Berl.  klin.  Woch., 
1901. 
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toxin-antitoxiD  mixturcit,  but  that  marked  symptoms  of  illness  often 
followed  such  injections  when  mode  into  immunized  guinea-pigs.  Other 
phenomena  whieh  arc  now  regard«d,  a  -posteriori,  as  probably  depending 
upon  the  principles  involved  in  anaphylaxis,  arc  the  tuberculin  and 
mallein  reactions,  fully  described  in  another  place,  and  the  adverse 
effects  often  following  the  injections  of  antitoxins  in  human  beings, 
conditions  spoken  of  unilcrthe  heading  of  "serum  sickness."  The  last- 
named  condition  has  been  made  the  subject  of  an  exhaustive  study  by 
V.  Pirquet  and  Schick.* 

That  the  injection  of  diphtheria  antitoxin  in  human  beings  is  often 
followed,  after  an  incubation  time  of  from  three  to  ten  days,  by  ex- 
anthemat-oiLt  eruptions,  urticaria,  swelling  of  the  lymph  glands,  and 
often  albuminuria  and  mild  pulmonary  itiHammations,  has  Ix^n  noticed 
by  many  clinicians,  who  have  mtide  exk^nivc  therapeutic  use  of  anti- 
toxin. It  was  recognized  early  that  such  symptoms  were  entirely  inde- 
pendent of  the  antitoxic  nature  of  the  serum,  but  depended  ujwn  other 
constituents  or  propertie-s  peculiar  to  the  antit.oxic  serum.  Moreover, 
symptoms  of  this  ile^criptiou  were  by  no  means  regular  in  patients  in- 
jected for  the  fir.st  time,  but  scemoil  to  <iepend  upon  an  individual  pre- 
disposition, or  idiosyncrasy,  v.  Pirtju't  and  Schick,  however,  noticed 
that  in  those  injected  a  second  time,  after  intervals  of  weeks  or  months, 
the  cons(!iiucnt  evil  eff<'ct3  were  rapid  in  develo])ment,  aevero,  and 
occurred  with  greater, regularity.  Many  of  the  phases  of  such  "serum 
sickiies-t"  arc  still  ob:<cure,  since  experimental  conditions  can  not  be 
controlled,  and  many  modifying  factors  can  not  !«•  excluded  in  observa- 
tions made  upon  human  beings,  and  the  grouping  of  the  above  conditions 
with  the  phenomena  of  anaphylaxis  is  still  tentative. 

The  fundiimeiital  observations  fmm  which  our  present  knowledge  of 
anaphylaxis  takes  its  oi-igin  are  those  made  in  ISD.S-by  llericourt  and 
Rirhet,-  who  observed  that  repeated  injections  of  et^I  serum  into  dogn 
gave  rise  to  an  increased  susceptibility  toward  this  substance  iastead 
of  immunizing  the  dogs  against  it.  Following  up  th<?  lines  of  thought 
suggested  by  this  phenomenon,  PortiiT  and  Hichet' later  made  an  in- 
teresting observation  while  working  with  acti  no-conges  tin — a  toxic 
substance  which  they  extract^'d  from  the  tentacles  of  Actinia.    Thia 

•r.  Pirquet  anil  Schirk, "  Die  Serum  Krankheit,"  monograph,  Leipzig  and  Wieti, 
190.5. 

• //mnrarf  and  Rirhel,  Cianpt.  pptiil.  tl 

'/'..ri/ir  8-1.1   llii-hel,  Cdnipt.  n>ii.l.   . 
linst.  Pasteur,  1907  and  IWIH. 
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substance  in  doses  of  0.042  grams  per  kilogram  produced  vomiting, 
diarrhea,  collapse,  and  death  in  dogs.  If  doses  considerably  smaller 
than  this  were  given  in  quantities  sufficient  to  cause  only  temporary 
ilbess,  and  several  days  allowed  to  elapse,  a  second  injection  of  a 
(juantity  less  than  one-quarter  or  one-fifth  of  the  ordinary  lethal  dose 
would  cause  rapid  and  sevf;re  sjTnptoms  and  often  death.  Similar 
observations  were  made  soon  after  this  by  Richet  with  mytilo-congcs- 
tiii,  a  toxic  substance  isolated  from  mussels.  In  these  experiments  there 
rrmain<i<l  littlt;  doubt  aa  to  the  fact  that  the  first  injection  had  given  rise 
to  a  well-marked  increased  susceptibility  of  the  dogs  for  the  poison  use<l. 

It  was  Richot  who  first  applied  to  this  phenomenon  the  term  "  ana- 
phylaxis" (■"«  against,  yuAujis  protection),  to  distinguish  it  from 
ininiunization  or  prophylaxis. 

Hiion  after  Kichet's  earli<T  experiments,  and  simultaneously  with  his 
later  work,  Arthus'  madtt  an  obwervation  which  plainly  confirmed 
Richctrt  observations,  though  in  a  somewhat  different  field.  The  ob- 
servation of  Arthus  is  universally  spoken  of  as  the  "phenomenon  of 
Arthii.-i."  - 

He  noticed  that  the  injection  of  rabbits'with  horse  serum  (a  sub- 
stance in  itself  without  toxic  properties  for  normal  labbita)  reridei-ed 
this  rabbits  delieabdy  susceptible  to  a  second  injection  made  after  an 
interval  of  six  or  seven  days.  The  second  injection — even  of  small  doses 
—regularly  produced  severe  symptoms  and  often  death  in  these  animals. 

\n  observation  very  similar  to  that  of  Arthus  was  made  by  Theobal<l 
Smith  ■'  in  1904.  Smith  observed  that  guinea-pigs  injected  with  diph- 
theria toxin-antitoxin  mixtures  in  the  course  of  antitoxin  standardiza- 
tion, wouUI  be  kilted  if  after  a  short  interval  they  were  given  a  subcu- 
taneous injection  of  normal  horse  serinii. 

The  ftm<lamental  facts  of  hypers u sec pti bill ty  had  thus  been  observecl, 
and  Olto,'  working  <lireetly  u]K>n  the  basis  of  Smith's  ob.servation, 
carried  on  an  elaborate  inquiry  into  the  phenomenon.  Almost  .simul- 
tanirously  with  Otto's  publication  there  appean'd  a  thorough  study  of 
the  condition  by  Rosenau  and  Anderson.* 

The  researches  of  Otto,  and  Rosenau  and  Anderson,  besides  eon- 
firming  the  observations  of  previous  workers,  bnJught  out  a  large  numl>er 

'  Arthus,  Compt.  read,  dc  la  soc.  <le  bioL,  55,  1903. 
'Th.  STitith,  Jour.  Med.  Res.,  1904. 
'  Otbi,  "  I^uthokl  Oedenkschrift."  1905. 

'  Hoimau  and  AruUraim,  Hyg.  Irfib.  U.  S.  Pub.  Health  and  Marine  Hosp.  Serv. 
Dull ,  29,  :t6.  1906,  1907. 
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'  of  Dew  facto.  They  showed  conclusively  that  the  action  of  tt.e  horee 
serum  had  no  relationship  to  its  toxin  or  to  its  antitoxin  constituents, 
that  the  "sensitization"  of  the  guinea-pigs  by  the  first  injection  became 
most  marked  after  a  definite  incubation  time  of  about  ten  days.  Sen- 
sitization was  accomplished  by  extremely  Email  doses  (one  one-millionth 
in  one  case,  usual  doses  itv  to  1  c.c).  Rosenau  and  Anderson,  further- 
more, excluded  hemolysin  or  precipitin  action  as  explanations  of  the 
phenomena,  and  proved  that  hypersusceptibility  was  transmissible  from 
mother  to  offspring,  and  that  it  was  specific — animals  sensitized  with 
horse  serum  not  being  sensitive  to  subsequent  injections  of  other  pro- 
teids.  These  authors,  Vai^jhan'  and  Wheeler,  NlcoUe,*  and  others, 
furthermore,  showed  that  the  reaction  was  by  no  means  limited  to  animal 
sera,  but  was  elicited  by  proteins  in  general,  pepton,  egg  albumin,  milk, 
the  extract  of  peas,  and  bacterial  extracts. 

The  typical  -anaphylactic  reaction,  then,  is  obtained  when  animals, 
preferably  guinea-pigs,  are  injected  with  a  small  quantity  of  a  given 
protein,  and  ten  or  fifteen  days  subsequently  given  a  second  injection 
of  the  same  substance  employed  for  the  first  or  sensitizing  inoculation. 
The  quantity  used  for  the  second  injection  should  be  considerably 
larger  than  that  used  for  sensitization  when  the  injection  is  made 
intraperitoneally  or  subcutoDGousiy.  Wlien  given  intravenously,  intra- 
cranially,  or  intracardially,  amounts  as  small  as  0.25  to  O.OOS  c.c.  may 
suffice.  The  time  at  whicli  a  second  injection  gives  rise  to  the  moat 
violent  symptoms,  moreover,  is  to  a  large  extent  dej)endent  upon  the 
size  of  the  sensitizing  dose.'  After  extremely  small  initial  quantities 
(0.005-0.002  c.c),  the  anaphylactic  atak^  is  usuiUly  well  developed,  ac- 
cording to  Rosenau  and  Anderson,*  after  twelve  or  fourteen  days.  After 
larger  doses '  the  time  required  for  the  development  of  anaphylaxis  is 
usually  longer — extending  often  over  weeks,  or  even  months. 

Whil(^  the  sensitizing  or  first  dose  may  be  given  subcutaneously, 
intravenously,  intraperitoneally,  or  intracardially  with  equal  success, 
Besredka  and  Steinhardt  maintain  that  no  anaphylaxis  results  if  the 
first  dose  is  given  intracranially.  This  statement,  however,  has  found 
contradiction  in  the  work  of  Rosenau  and  Anderson.  The  time  required 
for  full  sensitization,  furthermore,  depends,  according  to  the  last-named 
authors,  also  upon  the  mo<le  of  injection  of  the  first  dose;  on  this  point, 
however,  no  conclusions  are,  at  present,  justified. 

'  Vatighan,  Assn.  Am.  Phys.,  May,  HI07.    '  llrsrcilka,  Ann.  (k  I'inat.  I'unteur,  1907. 
*  \imUf,  Ann.  de  I'  lust.  Paslriir,  2,  llNKt.  *  Bosenau  and  Anderaon,  loc.  rit. 

'Otlo,  MUni-h.  med.  Wooh.,  1907. 
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At  reinjection,  the  symptoms  are  most  severe  when  the  injection  is 
made  intravenously. 

The  Bymptoms  which  follow  on  the  reinjection  of  antij^n  into  sensitive 
animals  may  show  a  wide  range  of  variation  according  to  the  degree  of  aenai- 
tiveness  and  amountij  injected.  In  acute  anaphylaxis  of  guinea-pigs,  which  as 
you  know  has  been  the  most  thoroughly  studied,  there  is  a  rapid  and  severe 
death  which  may  not  occupy  more  than  a  fraction  of  a  minute  or  at  most  five 
to  ten  minut«s.  The  animals  repeatedly  sho'w  restlessness,  cough,  pass  urine 
and  feces,  develop  severe  dyspnea,  with  infrequent  respiration  in  which  there 
seems  to  be  almost  complete  immobilization  of  the  chest  wall  and  in  which 
finally  only  shallow,  irregular,  spasmodic  efforts  take  place.  This,  as  Auer  and 
Lewis  have  shown,  is  due  to  tetanic  contraction  of  the  small  bronchioles,  with 
occlusion  of  the  air  passages,  practically  no  ^r  entering  the  lungs.  As  the 
dj'spnea  develops,  there  roay  be  at  the  same  time  spasmodic  twitching  of  the 
limbs,  retraction  of  the  head  and  general  convulsions. 

When  for  some  reason  or  other  the  reaction  is  not  so  severe  the  animal 
may  sliow  merely  general  signs  of  illness,  ruffling  of  the  fur,  twitching  and 
restlesflicas,  with  respiratory  difficulty  of  varying  degree,  coughing,  and  evacua- 
tion of  urine  and  feces.  In  rabbits  the  symptoms  are  often  less  rapid  in  de- 
velopment, but  in  general  principles  are  similar;  in  rabbits  there  is  more  fre- 
quently in  the  moderate  cases  a  gradual  muscular  weakness  in  which  the  an- 
imal lies  flat  on  the  ground  unable  to  support  it«^lf  on  its  Ic^,  a  condition 
which  may  proceed  for  long  periods.  Death  is  lankly  respiratory  and  the 
heart  may  continue  to  licat  for  a  long  time  after  respiration  has  completely 
stopped.  There  is  a  sinking  of  blood  pressure  and  a  depression  of  temperature. 
The  coagulation  time  of  the  blood  is  lengthened,  there  is  apparently  a  depres- 
sion of  the  leukocytes,  and  according  to  a  number  of  investigators,  who  have 
been  recently  confirmed  by  Bchring,  there  is  a  disappearance  of  blood  platelets 
and  an  increased  flow  of  Ij'mph. 

Pathologically  in  an  animal  dead  of  anaphylaxis  there  may  be  pctechitJ 
hemorrhages,  according  to  Gay  and  Southard,  in  the  heart  muscle,  pleura  and 
intestinal  wall  and  there  may  be  fatty  degeneration  of  the  vascular  endothelium. 
In  guinea-pigs  especially  there  is  a  marked  emphysematous  dilatation  of  the 
lunp  which  is  very  constant,  although  according'to  Doerr  it  is  not  absolutely 
characteristic  of  this  condition.  Apart  from  the  anatomical  cliaflgcs  following 
acute  anaphylaxis,  frequently  repeated  injections  of  small  doses  of  horse  serum 
or  egg  white  in  dogs,  cats,  ral)bits  and  guinea-pigs  ha\'e  l>oen  shown  by  Long- 
cope  t«  produce  cell  injury  in  various  oi^ans,  especially  in  the  liver,  myo- 
cardium and  kidneys. 

When  sensitized  animals  recover  from  the  sttcond  injections,  they 
are  thereafter  immune — that  is,  they  do  not  react  to  subsequent  in- 
jections of  the  same  substance. 
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Tliis  dos(^nsitization  or  "  antianaphylaxis "  as  Bcsrcdka'  and  Stein- 
hardt  have  called  it,  appears  immediately  after  recovery  from  the  second 
injection.  Antianaphylaxis  may  also  Ix^  produced  if  animals  which  liave 
receiv'ed  the  first  or  sensitizing  dose  are  injected  with  comparatively 
large  quantities  of  the  same  substance  during  the  preanaphylactic  period 
— or,  as  it  is  sometimes  spoken  of,  during  the  anaphylactic  incubation 
time.  This  injection  should  not  be  done  too  soon  after  the  first  dose,  but 
rather  toward  the  middle  or  end  of  the  preanaphylactic  period. 

If  given  within  one  or  two  days  after  the  sensitizing  injection,  ana- 
phylaxis will  develop,  nevertheless.  The  desensitized  condition  is  a 
purely  transitory  state.  Besredka  and  Stoinliardt  l>cli<'ve  that  it  lasts 
a  long  time,  while  Otto  found  guinea-pigs  immunizwl  in  the  above  man- 
ner to  lose  their  antianaphylaxis  within  three  wiek-s. 

An  important  dev('lt)pment  vrua  aehiev^Hl  when  Nieolle,  Ott^>,*  Gay 
and  Soutliard,^  and  others  *  showinl  that  the  hyperwusceptible  state 
could  lie  passively  transferred  to  normal  animals  l»y  injecting  them  with 
the  serum  of  anaphylactic  animals.  In  such  experiments  th<!  scrum  of 
the  anaphylactic  animal  is  first  injected  in  quantities  of  0.5  c.c.  or  prefer- 
ably more,  and  twenty-four  hours  later  an  injection  of  the  specific  anti- 
gen— that  is,  the  proteid  used  for  sensitization — is  given.  The  animals 
so  treated  show  typical  symptoms  of  hypersusceptibility  and  often  die. 

Simultaneous  inoculation  of  the  two  substanees,  either  mixed  or  in- 
jected separately,  docs  not  produce  the  siune  effect.  On  this  point, 
however,  there  is  not  compk-te  unanimity,  since  Weil!-IIall6  and  !>•- 
maire*  report  aphylaetic  symptoms  in  guinea-pigs  liyiKTHUstx-ptibh;  to 
horse  serum.  A  fac;t,  ol»s<;rved  by  Otto,  is  that  the  senun  of  guinoa-pipi 
who  have  been  given  the  sensitizing  or  first  injection  will  confer  passive 
anaphylaxis  on  the  eighth  or  tenth  day  afti-r  injection,  liefore  the  ani- 
mals themselves  show  evidences  of  being  actively  hypc^rsensilized.  It 
is  also  true  that  occa-sionally  the  serum  of  anti  an  aphylaetic  animals  will 
possess  the  power  of  conferring  passive  amvphylaxis. 

Anaphylaxis  mny.be  EranKrnittexl  by  inheritana'.  Thus  the  young 
of  anaphyla(!tic  guinra-pigs  show  hypersus(!i'ptibility,  irn'speetive  of 
whether  the  motlicr  became  hypersusi^'ptible  Ix'fore  or  after  the  l>e- 
ginning  of  pregnancy.  Such  anaphylaxis  hiis  no  referen(;e  to  the  con- 
dition of  the  father,  and  is  not  tninsmitted  by  the  milk. 

'  Besredka  and  SleinhardC,  Ann,  de  I'lrist.  Pa«tcur,  11)07. 

'  Olio,  loc.  cit.  'day  uud  Soulhant,  loc.  cit. 

*  Wcai^HalU  iind  lemaire,  Compt-  rend.  <ip  Ui  Soc.  do  Biol.,  1907. 

'Nicolk,  Ann.  dc  I' Inst.  Paeteur,  ID07,  1908. 
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THEOBIES  CONCERNIHa  ANAPHYLAXIS 

A  Dumber  of  theories  of  anaphylaxi.s  have  been  advanced  which  de- 
serve serious  consideration,  since  they  are  experimentally  supported 
and  may  serve  as  points  of  departure  for  future  research. 

One  of  the  earliest  ideas  was  based  on  the  Ehrlich  theory  of  re- 
ceptor overproduction  by  tissue  cells  during  immuruzation.  It  was 
suggested  that  hypersusceptibility  might  l>e  due  to  stimulation  of  new 
specific  receptors  which  as  yet  remained  sessile  upon  the  cells  instead 
of  having  been  thrown  off  into  the  blood  stream.  As  a  consequence, 
the  cells,  having  affinity  for  more  of  the  toxic  substance  of  the  antigen 
than  they  had  normally,  are  more  vulnerable. 

V,  Pirquet  and  Schick,'  as  well  as  many  other  observers,  have  re- 
garded the  anaphylactic  process  as  analogous  to  other  immune  reaf^tions, 
and  believe  that  an  antigen  in  the  serum  first  injected  produiw^s  a  specific 
antibody.  The  reaction  between  these  two  substances  following  the 
second  injection  gives  rise  to  the  anaphylactic  symptoms.  The  essen- 
tial fenture  of  this  opinion  is  the  assumption  that  the  substance  which 
sensitizes  after  the  first  injection  is  identical  with  that  which  exerts  the 
anaphylactic  injury  after  reinjectioa. 

Wolff-Eisner '  has  expressed  a  belief  which  has  found  much  experi- 
mental support  in  the  hands  of  Vaughan  and  Wheeler.*  Wolff-Eisner 
holds  that  all  cells  and  proteins  contain  a  toxic  substance  which  is 
characterized  by  its  inai>ility  to  produce  a  neutralizing  antibody  when 
injected  into  animals.  The  first  injection  produces  a  lysin  for  the  pro- 
teid  injected,  which  possesses  the  power  of  liberating  such  poisons  from 
the  complex  molecule.  A  second  injection  is  follow<'d,  consequently, 
by  ft  rapid  liberation  of  the  toxic  fraction,  and  injury  to  the  animal 
resultjj.  This  view  has  been  expressed  in  slightly  different  form  by 
lUehet '  and  has  Iwen  more  clearly  formulated  and  experimentally  sup- 
ported by  Vaughan  and  Wheeler  *  who  were  actually  able  to  extract 
from  various  proteins  toxic  substances  which  gave  rise  in  animals  to  a 
symptom  complex  not  unlike  that  of  typical  anaphylaxis.  (Extraction 
with  alkalimzed  seventy-per-cent  alcohol.) 

The  earlier  theories  of  Gay  and  Southard^  and  that  of  Besredka' 

'  V.  Pirquet  und  Schick,  loc.  <rit.  '  Wnlff-Eitniv,  Bert.  kUn.  Woch.,  1904. 

^Riehet,  Ann.  de  I'lnst.  Paateur,  xxi,  1907. 
*Vauahan  and  Wheeler,  Jour.  Inftrt.  IJis.,  iv,  IW?. 
'  ftay  und  Soulhat'it,  Jour.  M«i.  Ucfleiireh,  liH)7,  xvi. 
•fiewedJta,  Bull,  de  I'luat.  Paateur,  I90H,  vi,  820. 
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we  may  at  present  dismiss  with  a  few  words  as  interesting  developments 
in  the  theoretical  study  of  anaphylaxis  l)ut,  since  then,  proved  to  be 
of  httle  importance  in  the  actual  understanding  of  the  phenomen&. 
Many  of  these  earlier  theories  were  made  possible  by  lack  of  sufficient 
evidence  that  anaphylaxis  depended  upon  the  reaction  between  an  anti- 
body and  its  antigen  and  upon  attempts  to  show  that  the  substance 
which  was  sensitized  was  not  the  same  as  that  which  produced  the  toxie 
symptoms  on  reinjection.  This  last  opinion  was  mainly  based  upon 
such  experiments  as  those  of  Bearedka  which  seemed  to  show  tliat  lie 
toxogenic  was  less  heat  stable  than  the  sensitizing  substance,  but  rince 
the  amount  which  sensitizes  need  be  only  anywhere  from  1-lOOth  to 
1-lOOOth  part  of  the  amount  required  for  the  production  of  toxic  aymip- 
toms,  as  Wells  and  others  have  C)iloulat.ed,  it  is  pliun  that  this  was  the 
explanation  for  the  apparent  difference  in  heat  stability  between  the 
two.  Chemical  differentiation  lietween  the  two  substances,  as  attempted 
by  Gay  and  Adier,  has  likewise  failed  to  hold  good.  We  have  now  ccme 
to  the  recognition  that  anaphylaxis  is  the  result  of  the  presence  of  spe- 
cific antilxxlies  in  the  animal  into  which  the  antigen  is  injected.  These 
antilxxlies  can  be  produced  on  the  one  hand  by  a  preliminary  injection 
of  the  antigen,  thus  stimulating  the  animal  to  produce  its  own  anti- 
bodies, or  by  the  direct  injection  of  the  antibotlies  from  another  animal 
as  in  pa.ssive  sensitization  with  immune  serum. 

The  development  of  anti1>odiea  in  the  animal  then  alters  the  reaction 
capacity  of  the  animal  for  the  particular  antif^en  employed.  This  is 
the  state  which  v.  Pirqxiet  has  named  "allergic,"  and  it  is  this  aHerpe 
or  changed  reaction-eapacity  ilue  t,o  the  formation  of  antiixxlies,  whether 
circulating  or,  as  is  more  probable,  attached  to  the  cells  themselves, 
which  induces  in  the  animal  the  anaphylactic  state. 

It  is  by  means  of  the  passive  method  of  sensitization  that  the  relations 
between  anaphylaxis  and  antibodies  have  been  most  successfully  stud- 
ied. I>o<^rr  and  Russ '  showed  that  the  power  of  a  serum  to  comTy 
anaphylaxis  passively  depended  directly  upon  its  contents  of  specific 
antilKxly.  It  was  then  shown  by  Nieolh^,'  Otto,^  and  others,  that  a 
sharp  reaction  can  l)o  produced  by  this  method  only  when  a  distinct 
interval  not  less  than  4  to  6  hours,  was  allowed  to  lapse  tx-tween  the 
injection  of  the  antil)odies  and  the  injection  of  the  antigen.    This  may 

I  Doerr  and  Russ,  Ztsclir.  f.  Immunitjitaforsch.,  1909,  iii. 
'  NicoUe,  Bull.  <le  I'lnst,  Piat,,'  1907,  v. 

'  Olio,  Das  Theobald  Smithsclie  Phoenomenan,  etc.,  von  IjeiitholdGedenkscbrift 
1905,1. 
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be  taken  as  an  axiom  for  all  caees  in  which  the  antigen  is  an  unformed 
protein  in  solution.  Whether  or  not  it  holds  universally  good  in  the 
case  of  cell  anaphylaxis  is  a  question  too  complicated  to  be  discussed 
here.  Whea  the  antigen  and  antibody  are  injected  simultaneously  or 
within  a  very  !^ho^t  period  of  one  another,  no  anaphylactic  symptoms 
occur.  The  study  of  this  interval  has  gradually  led  to  the  belief  that 
the  anaphylactic  reaction,  whatever  it  may  be,  takes  place  upon  the 
body  cells  and  that  the  int^Tval  is  necessitated  by  the  time  required  for 
the  anchoring  of  the  antilx)dics  to  the  cells  of  the  body.  Experiments 
by  Pearce  and  Eisenbrey'  (1010)  showed  definitely  that  a  sensitized 
d(^  remained  sensitizt^i  even  when  his  entire  blood  volume  is  substl- 
tutpd  with  that  of  a  normal  dog.  It  has  been  made  especially  clear 
by  the  introduction  of  direct  methotls  of  observation  of  the  smooth 
muscle  cells  of  animals  by  Schultz '  and  Dale,'  a  method  which  has 
been  particularly  developed  by  Weil.*  It  seems  fairly  clear  from  this 
work  and  a  volume  of  other  researches  which  cannot  be  reviewed  here, 
that  acute  protein  anaphylaxis  as  we  see  it  in  guinea-pigs  and  other 
laboratory  animals  is  due  to  the  direct  reaction  between  antigen  and 
a  specific  antibody  when  this  reaction  takes  place  upon  the  body  cells 
and  not  in  the  blood  stream.  Just  how  much  influence  the  reaction 
within  the  blood  steam  can  exert  or  whether  it  takes  any  important  part 
b  the  phenomena  is  at  present  a  matter  of  considerable  doubt. 

An  important  observation  made  by  FriedlMJi^er  and  Hartoch  *  and 
much  studied  by  others  recently,  also,  has  been  the  diminution  of  com- 
planent  or  alexin  in  the  serum  of  animals  suffering  from  anaphylactic 
shock.  It  has  been  shown  that  in  passive  anaphylaxis,  at  least  simul- 
taneously with  the  occurrence  of  symptoms,  there  is  a  marked  diminu- 
tion of  alexin.  Intravenous  injections  of  substances  which  prevented 
complement  absorption  in  vitro  (concentrated  salt  solution,  for  in- 
stance) diminished  shock  and  sometimes  prevented  it  in  sensitized 
Mumals.  They  attributed  this  to  the  fact  that  complement  was  thereby 
inhibited,  and  concluded  that  complement  took  an  important  part  in 
the  reaction.  Incidentally  it  may  bo  mentioned  that  in  experiments 
upon  the  uterine  contractions  of  sensitized  guinea  pigs,  the  writer  with 

'  Ptarce  and  Eitenbrey,  Congr.  Am.  Phys.  and  Surg.,  1910,  viii. 
'  SckiUt!,  Jour.  Pharmacol,  and  lixpcr.  Thcrap.,  1910,  i. 
'  Dak,  Jour.  Pharnmcol.  and  E^pvr.  Thcrap.,  1913.  iv. 

•  WcU,  Jour.  Med.  Research,  27, 1913;  30, 1914;  Proc.  Soc.  Exper.  Biol,  and  Med.. 
1»I4,  \i,  86. 

'  Priedberger  and  Uarloeh,  Ztiichr.  (.  InununitatuloTKh.,  1009,  iii. 
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Lieb  and  Dwyer '  has  been  able  to  show  that  action  of  the  salt  pre- 
vents spasm  of  the  smooth  muscles  arid  need  not  necessarily  be  inter- 
preted as  indicatini;  an  inhibition  of  complement  action. 

An  important  development  of  Friedberg<'r's  work  has  been  the  dem- 
onstration that  when  sensitizeil  antifren,  either  in  the  form  of  precipitate 
or  of  bacteria,  is  subjected  in  tdtro  to  the  acti<m  of  alwxin  or  complement, 
toxic  substances  (anaphylatoxins)  'are  fonned,  which  injected  into 
guinea-pigs  produce  sj-mptoms  entirety  analogous  to  anaphylactic 
shock.  This  has  led  to  a  recognition  of  the  great  importance  of 
Vaughan's  earlier  work  in  pointing  to  the  possil)ility  of  anaphylactic 
shock  beii^  the  result  of  poisons  formed  by  the  split  products  of  pro- 
teins. Whether  or  not  these  anaphylatoxins  arc  actually  produccwl  in 
the  circulation  of  animals  in  the  process  of  anaphylactic  shock  cannot 
bo.  definit«^ly  assorted  at  present.  It  seems  rather  unlikely  that  they 
arc  produced  in  the  circulation  to  any  extent  during  shock  produced 
by  the  dissolved  proteins  such  as  foreign  scrum  or  egf^  albumin.  It  is 
not  impossible  that  they  may  Ije  formed  in  the  course  of  ceil  anaphylaxis 
and  that  they  may  play  a  considerable  part  in  the  toxemia  accompanying 
infectious  disease.  In  fact,  their  universal  production  from  practically 
all  known  bacteria,  and  the  experiments  of  Vaughan  *  which  have  shown 
that  similar  poisons  produced  from  proteins  can  lead  to  typical  tempera- 
ture reactions  in  animals  if  carefully  and  systematically  injected,  has 
cast  a  certain  amount  of  dout)t  upon  the  existence  of  true  endotoxins 
and  has  suggested  to  many  workers  the  possibility  that  the  toxemia 
pro<luced  with  such  bacteria  as  typhoid  bacillus  and  others  may  be 
largely  a  protein  split  product  intoxication  or  a  sort  of  prolonged  ana- 
phylactic poisoning. 

It  seems  unquestionable  that  this  altered  state  of  reaction  capacity 
to  specific  antigens  which  v.  Pirquet  has  called  allergie,  and  which  we 
speak  of  broadly  as  anaphylaxis,  underlies  many  conditions  observed 
in  the  human  Iseing,  Most  important  among  these  is  the  frequently 
observed  serum  disease  which  occurs  after  the  injection  of  horse  serum 
and  other  sera  in  the  form  of  antitoxins  in  the  human  being.  It  may 
also  confirm  the  pathological  basis  of  such  conditions  as  asthma  and 
hay  fever,  food  idiosyncrasies,  and  in  a  localized  way  it  is  probably 
the  basis  of  such  skin  reactions  as  the  tulwrcuHn,  luetin,  and  mallein 
reaction. 

'  ZingeiT,  lAdi,  and  Ihoyer,  Proc.  Siic.  E^|)er.  Biol,  and  Med.,  Vol.  XII,  No.  8, 
May  19,  1915. 

»  Vaughan,  Protein  Split  Products,  etc.,  I*a  and  Pebiger,  1913. 
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CHAPTER  XX 

FACTS  AND    PROBLEMS    OF  IMMUNITy    IN    THEIR  BEARING  UPON 
THE  TREATMENT  OF  INFECTIOUS  DISEASES 

While  the  varioua  facts  and  theories  of  inimuiitty  and  infection  have 
been  given  in  the  pretreciing  sections,  no  ayytematio  attempts  have  been 
made  to  correlate  the  facts  preseiTtcd,  or  to  determine  their  bearing  on 
the  most  vital  problem  of  all— the  tniatment  of  infectious  diseases. 

To  understand  more  fuHy  this  point  of  view,  it  is  neeespary  briefly 
to  recall  certain  of  the  facts  which  are  known  about  the  physiology, 
metabolism,  and  composition  of  the  bacteria,  and  of  their  ability  to 
neutralize  directly  or  to  respond  adaptively  to  the  agents  directed  against 
them  by  the  invaded  animal.  Some  of  these  facts  are  so  well  understood 
that  pa-ssing  mention  here  is  sufficient:  such,  for  instance,  is  the  fact 
that  CL'rtain  microorganisms,  espeeialiy  the  bacilli  of  diphtheria  and  tet- 
anus, secrete  soluble  poisons  both  during  artificial  cultivation  and  dur- 
ing their  life  in  the  animal  body,  which  [wisons  are  eminently  toxic. 
These  poisons  are  true  secretions  and  are  largely  independent  of  the 
composition  of  the  surrounding  meflium  so  long' as  this  favors  the  physi- 
oio^c  activities  and  growth  of  the  germs.  Such  germs,  then,  once  having 
gainetl  even  an  insecure  foothold  in  the  animal  body,  by  no  matter  what 
favoring  circumstances,  are  possessed  of  a  powerful  weapon  of  offense 
against  the  sensitive  physiologic  bases  of  the  host  and,  iKwsibly,  of  de- 
fease against  its  more  immediate  and  mobile  moans  of  combating  the 
germs  themselves.  In  the  case,  however,  of  most  other  pathogenic 
bacteria,  the  scere'tion,  at  least  in  artificial  media,  of  such  highly  soluble 
and  potf^iit  poisons  has  not  been  demonstrated  satisfactorily,  although 
certain  investigations  point  fairly  conclusively  to  the  production  of 
some  minor  bodies  which  have  been  shown  to  act  delcterionsly  on  the  red 
blood  cells  and  on  the  leucocytes — the  hemolytic,  leucocidic,  and  leu- 
colytic  substances  which  are  looked  on  as  probably  true  soluble  toxins, 
like  the  toxins  of  diphtheria  and  tetanus,  which  give  rise  in  the  animal 
body  to  the  production  of  true  antitoxins:  i.e.,  are  neutralized  by 
their  antiscra,  unit  for  unit,  aeeonling  to  the  law  of  multiples. 
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Other  minor  pobons  may  in  some  instances  be  demonstrated  in 
culture  media,  and  aldo  may  possibly  be  formed  in  the  animal  body  by 
the  metabolic  activities  of  the  genna.  These  are  eitlftr  simply  waslc 
products  of  metabolism  or  botliea  due  to  the  decomposition  of  thi? 
nutrient  media  in  which  the  gornw  arc  gowing.  These  bodies  are  usually 
referred  to  as  ptotiiains,  and  differ  entm^ly  from  the  true  secreted  toxins, 
Iwth  in  their  chemical  conipowition  and  in  their  physiologic  action,  re- 
sembling in  Ix)th  of  these  the  alkaloids.  They  are  not  known  to  give 
rise  to  antilwdies  of  any  kin<i  in  animabf. 

j\part  from  all  the  ]>oisontj  just  mentioned;  i.e.,  the  toxins,  hemoly- 
sins, leucocidins,  and  ptomains,  theix;  is  supposed  to  exist  a  most  vit  lly 
important  &m\  interesting"  group  of  |X)i.sonous  sulistances,  the  .so-called 
endotoxins.  The.se,  so  far  as  our  knowledge  goes,  are  poisons  r;vthLT 
firmly  s^'atcd  in  the  bacterial  cell,  which  are  not  8ecrct«l  in  our  ordiuar}* 
cultur;.'  metlia,  and  are  supposeil  by  most  observers  not  to  be  separable 
in  the  animal  fluids  and  tissues  from  the  intact  bacterial  cell.  Thrar 
poisons  may  Iks  demonstrated  in  old  cultures,  in  which  the  bacteria 
are  dead  and  disinti-grating  or  undergoing  autolysis — although  Pfeiffcr 
does  not  consi<ler  autolytic  products  necessarily  similar  to  ondoti.vini 
—or  they  may  be  obtained  by  destroying  the  bacteria  mechanically  by 
jjressure  and  grinding,  or  by  breaking  them  while  frozen.  In  the  animal 
body  they  arc  said  to  become  free  when  the  bacteria  die  and  decompo«c 
or  ai'c  disintegrated  by  the  <iigcstive  IxKlies  by  which  they  have  been 
attiu'ked.  These  endotoxins  are  recognizctl  by  the  fact  that  they 
do  not  call  out  true  antitoxins  which  become  free  in  the  plasma  anil 
serum,  but  do,  nevertheless,  lead  to  the  formation  of  digestive  antibodies, 
these  not  following,  however,  the  "law  of  multiples"  in  protecting  in- 
fected animals  from  the  poisons.  The  liberation  of  these  poisons  by  the 
destruction  of  bm'teria  in  the  animal  body  is  best  illastratcd  by  the  so- 
called  phenomenon  of  Pfciff<!r  which  takes  place  when  cholera  vihrioi 
and  iiiimuno  cholei-a  serum  arc  introducetl  into  the  peritoneal  cavity 
of  a  guinea-pig.  If  specimens  arc  withdrawn  from  time  to  time  from 
the  pfritoncial  cavity  of  an  animal  'so  trcated,  a  rapid  swelling  up. 
disintegration,  and  disappearance  of  the  vibrios  can  readily  be  demon- 
strated. The  organisms  apparently  do  not  multiply  in  the  animal  body 
under  these  conditions  and  arc  almost  immediately  destroyed.  This 
disintegrating  power  is  also  claimed  for  the  body  fluids  of  normal 
animals  and  is  sup|x>sed  to  be  demonstrated  by  the  following  expari- 
mcnt.  When  graded  quantities  of  a  fn^sh  cholera  culture  an;  introduced 
into  the  peritoneal  cavity  of  normal  guinea-pigs  of  equal    weight,  the 
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following  phenomena  can  be  regularly  observed:  Minimal  doscri  of  the 
culture  produce  a  febrile  condition  whic^h  continues  for  a  few  hours  with 
no  senous  sj-mptoms.  Slightly  Itirger  doHes  give  rise,  after  a  short 
interval,  during  which  there  Js  fever,  to  a  marked  drop  in  toinpcra- 
ture  and  definite  symptoms  of  cholera  poisoning — mu.<4cul8r  weakness, 
twitching,  and  general  prostration.  These  symptoms  of  jwisoning  then 
gradually  disappear,  and  after  twenty-four  hours  the  guinea-pigs  are 
again  normal.  If  the  quantity  of  cholera  culture  injected  is  can'fully 
increased  up  to  the  minimal  lethal  dose,  the  animal  dies  with  all  the 
symptoms  of  cholera  intoxication,  but  on  autopsy  the  peritoneum  is 
found  to  be  entirely  sterile,  or  only  a  few  isolated  cholera  spirilla  are 
found,  usually  inclosed  in  pus  cells.  Finally,  if  lary.er  quantities  of 
living  cholera  spirilla  are  injected,  the  pt'fitoneal  cavit>'  shows  u  profuse, 
:»erous,  sometimes  hemoirhagip  exudate,  which  contains  iiinumerahle 
actively  motile  microorganLsms,  The  point  of  intei-.Mt  in  this  experi- 
ment is  the  demonstration  of  the  fact  that  tli;!  noniial  guinea-pigs 
which  receive  enough  of  the  cholera  vibrios  to  prove  fatal  hitve  de- 
.itroyetl  the  vibrios  and  presumably  died  from  the  jMiisnn  thu:<  lilx-i-atcii, 
and  not  from  poisons  sccroted  by  living  vibrios,  or  from  an  overcoming 
of  their  sj'stema  by  the  rapid  multiplication  of  the  organi:iiHs.  It  is  only 
when  the  animal  system  is  pn^viously  floodi'd  with  an  ovj-i-whelming  dose 
that  the  vibrios  are  foimd  alive  and  multiph'ing  oven  locally  in  the  peri-^ 
toneum  after  death.  This  docs  not  nieim,  however,  that  no  multiplica- 
eation  ever  goes  on  hand  in  hand  with  the  desti'uction  of  the  germs  in  the 
infected  animal;  on  the  contrary,  such  a  multiplication  is  probably  the 
rule  rather  than  the  exception,  as  has  be<|n  shown  fiviFly  conclusively 
by  the  experiments  of  RadweWsky,  and  was  Iwautifully  illiLstrnted  by 
an  experiment  of  PfeifTer  and  WaiiHcrmann,  who  after  having  shown  that 
the  blood  serum  of  human  beings  who  have  j-ecovered  from  Asiatic  chol- 
era has  the  power  to  protect  giiinca-piga  fnm  or.Unarily  fatal  dosfss 
of  cholera  spirilla,  even  when  used  in  high  dihitioni,  then  proved  that 
this  protective  power  Is  not  an  antitoxic  one,  but  depends  largely,  if 
not  entirely,  on  the  ability  of  the  semni  to  aid  in  the  immediate  dissolu- 
tion of  the  vibrios.  Thus  animals  which  receivetl  onlj'  a  fraction  of  a 
milligram  of  suf;h  a  serum  were  able  to  beai'  the  inje<(.ion  of  a  loopful  of 
virulent  cholera  vibrios,  practically  without  n^aetion,  while  control 
animals  succumbed  to  one-fourth  of  the  dose  with  typical  symptoms. 
Now,  however,  if  the  dose  was  increased  to  three  or  five  loopfuls,  not 
even  ten  thousand  times  the  original  amount  of  the  serum  would  pmtect 
the  animals  against  the  inoculation.    The  toxic  effects  may,  in  fact,  m 
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shown  by  Pfeiffer,  appear  with  extraordinary  rapidity,  so  that  in  these 
animals  the  temperature  may  show  the  lethal  drop  within  two  hours 
after  inoculation,  while  control  animals  which  have  received  the 
same  quantity  of  cholera  geims  without  the  serum  may  not  show  a 
similar  lethal  drop  in  temperature  for  four  to  five  hours. 

An  explanation  of  the  results  of  this  experiment  is  found,  probably, 
in  the  fact  that  gulne^a-pigs  are  able  to  withstand  a  certain  quantity  of 
the  intracellular  cholera  poison  {en<totoxin)  which  may  be  repreaentcd  by 
one  loopful  of  a  fresh  culture.  If  the  animals  are  given  smaller  quantities 
without  the  serum,  say  one-fourth  to  one-half  loopful,  the  bacteria  may 
increase  for  a  time  without  producing  marked  symptoms,  Parallc-I 
with  the  increaKe,  however,  the  phenomenon  of  gcnn  ilestnietion  Ls 
going  on  and  characteiistic  symptoms  of  int<>xicafion  appear  at  the 
moment  when  the  number  of  vibrios  destroyetl  han  heconio  so  lai-ge  that 
it  corresponds  to  more  than  one  loopful  of  the  cholera  culture.  .\n 
animal  will  thus  withstand  a  culture  of  any  size  when  mixed  «ith  im- 
mune ifiTim,  if  the  ilose  does  not  excee<l  the  limit  of  intoxication  before 
it  la  entirely  deiitroye<l.  On  the  other  hand,  when  guinea-pif&t  receive 
the  lai-ger  doiw.  of  thife  to  five  loopfids,  the  scrum,  not  l>eing  anti- 
toxic, is  not  able  t^  counteract  the  fatal  effects  of  the  liberated 
cholera  poisons,  but,  on  the  other  hand,  enomiou.sly  increases  the  rate 
of  destruction  of  the  vibrios,  and  hence  intoxication  appears  earlier 
in  such  treated  animals  than  in  the  controls  receiving  the  organisms 
alone. 

This  classic  cholera  experiment  has  been  selected  Iweause  it  illus- 
trates the  most  extreme  limit  of  the  en<lotoxin  point  of  view,  and,  further, 
because  the  r^holera  organism,  standing  at  one  end  of  tht^  scale,  is  the 
most  extreme  example  of  pathogenicity  by  virt  ue  of  its  own  destnK'tion, 
while  the  diphtheria  ba<ullus  at  the  other  end,  as  we  have  w-en,  in  one 
of  the  classic  examples  of  pathogenicity  by  virtue  of  secreted  toxins. 
Neither  of  these  organisms  in  truly  invasive  or  highly  paraiiitic,  and  both 
are  harmful  usually  by  the  action  of  their  poi-sons  alone  and  acting,  as  it 
were,  from  a  base  of  supply  on  the  periphery  of  the  animal  system,  lie- 
twcen  these  two  extremes  stand  all  grad<?s  of  pathogenic  and  infective 
germs. 

,These  two  organisms  are  typicid  examples  of  their  kind,  but  there 
are  few  organisms  which  si-cit'te  such  highly  toxic  soluble  l)odies  as  do 
diphtheria  bacilli,  and  there  are  few  so  suscieptible  as  the  cholera  organ- 
ism to  disintegration  within  the  animal  bwly;  and  yet  there  are  many 
germs  which  arc  extremely  pathogenic,  and  in  many  cases  capable  of 
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severely  and  detrimentally  infecting  tbe  animal  body.  In  view  of  this 
unquestioned  fact,  the  teaching  which  considers  all  poisonii^  as  due 
either  to  true  soluble  secreted  poisons,  or  to  true  endotoxins  liberated 
only  on  disint^ration  of  the  bacterial  cell,  is  probably  too  narrow. 

The  work  of  recent  years  has  even  cast  some  doubt  upon  the 
existence  of  preformed  endotoxins  in  the  bacterial  cell  and  has  indi- 
cated that  the  bacterial  protein  as  such  may  be  regarded  merely  as  a 
foreign  protein  which  would  do  no  special  harm  unless  it  reacted 
with  substances  in  tbe  animal  body  which  brought  about  its  disinte- 
gration. In  such  a  case  the  toxic  substances  formed  would  not  rep- 
resent preformed  poisons,  int^pal  parts  of  the  bacterial  body,  but 
rather  protein  split  products  derived  from  the  bacteria  by  proteo- 
lytic action  on  the  part  of  the  plasma  constituents. 

Some  clarity  of  conception  may,  as  we  have  suggested,  be  gained 
by  comparing  some  of  the  products  of  pathi^enic  bacteria  with  bacterial 
pigments  and  with  insoluble  intfirstltial  or  intercellular  substance, 
which  may  be  seen  accompanying  bacteria  in  cover-glass  preparations. 
Soluble  toxic  secretions  are  to  be  compared  to  such  pigments  as  the 
pyocyanin  of  BacUlus  pyocaneus,  which  is  so  readily  soluble  in  culture 
media;  endotoxins  proper,  to  pigments  confined  to  the  bacterial  cell, 
or,  at  least  when  secreted,  being  insoluble  in  culture  media,  such,  for 
instance,  as  the  well-known  red  pigment  of  BadUus  prodigiosus,  which 
may  often  be  seen  free  among  the  bacteria  in  irregular  red  granules 
like  carmine  powder.  That  bodies  such  as  this  latter  might  be  ex- 
truded from  pathi^enic  bacteria,  and  not  be  soluble  in  the  usual  culture 
fluids,  is  not  improbable,  and  the  fact  that  more  or  less  insoluble  inter- 
stitial substances  are  not  infrequent  among  bacteria  is  well  known. 
Among  pathogenic  germs  these  characters  are  often  more  marked  in 
freshly  isolated  cultures.  The  sticky,  almost  slimy  character  of  cul- 
tures of  meningococcus  may  be  recalled,  a  character  which  tends  to 
disappear  after  a  few  generations  of  artificial  cultivation,  and  the  highly 
mucinous  capsule  of  the  Streptococcus  mucoaus  which  tends  to  decrease 
under  artificial  cultivation,  as  do  also  the  capsules  of  pneumococci  and 
streptococci. 

Now,  it  seems — and  this  view  has  been  supported  by  Walker, 
Dcutsch,  Welch,  and  Eisenbcrg,  and  is,  in  fact,  but  an  axiom  which 
would  be  recognized  immediately  by  any  trained  biologist — that  all 
microorganisms  will  adapt  themselves  so  far  as  is  permitted  by  their 
physiologic  peculiarities  to  the  stress  of  the  environment,  the  exact 
direction  which  this  adaptation  will  take  being  determined  by  the  char- 
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aotcr  of  the  environment,  chemical  and  physical,  and  the  physical, 
chemical,  and  physioli^c  characteristics  of  the  germ  involved. 

Having  now  considered  the  bacteria  in  their  defenave  and  offensive 
mechanism,  let  us  turn  to  the  mechanism  of  protection  at  the  disposal 
of  the  animal  body. 

The  internal  defenses  of  the  animal  body  have  largely  Ixscn  eluci- 
dated, as  we  have  seen,  throi^h  morphologic  investigation  of  cellular 
activities  taking  place  in  the  animal  body  or  under  controlled  condi- 
tions in  the  test  tube,  and  by  visible  reactions  takii^  place  in  test  tubes 
between  the  fluids  of  normal  or  Immunized  animals  and  the  bacteria 
and  their  products,  and,  finally,  by  the  more  purely  physiolc^c  tests 
of  the  protecting  power  and  mechanism  of  action  of  animal  fluids  or 
extract*)  when  introtluced  into  another  animal  of  the  same  or  different 
speiries,  along  with  the  bacteria  or  their  products, 

Such  studies  have,  as  is  well  known,  afforded  a  vast  amount  of  in- 
formation. Through  them  the  soluble  secreted  bacterial  poisons  have 
been  demonstrated  and  have  been  found  to  stimulate  the  production  of 
neutralizing  bodies,  the  antitoxinH;  bacteria  and  their  culture  filtrates 
have  been  shown  to  call  forth  bodies  which  are  present  in  the  serum  of 
animals  treated  with  them,  and  which  cause  a  precipitation  of  certain 
bacterial  constit'dcntji  of  the  filtrate — the  precipitins;  similar  injections 
have  been  found  to  cause  the  production  of  serum  bodies  which  have 
the  power  of  afQ;tutinatinK  the  bacteria  when  brought  into  contact  with 
them — the  agglutinins;  and  other  bodies  are  likewise  produced  which 
are  capable  under  propter  conditions  of  killing  the  bacteria — the  bac- 
tericidal substances — or  even  of  dissolvii^  them  as  we  have  seen  in 
some  instances — ^the  bacteriolytic  sul>stances.  All  of  these  activities, 
prtaent  to  a  certain  extent  in  normal  sermn  but  vastly  increased  in 
immune  sera  may  perhaps,  as  formerly  clamed,  be  due  to  separate 
serum  constituents,  but  it  is  our  own  view  at  present  that  they  repre- 
sent different  activities  of  the  same  specific  type  of  antibody,  namely, 
a  sensitizer  in  the  sense  of  Bordet,  by  the  agency  of  ^ich  the  antigen 
is  rendered  susceptible  either  to  the  action  of  the  alexin  or  to 
phagotiyt^wis.  Each  antigen  injected  into  the  animal  body  would 
thus  give  rise  to  a  specific  sensitizer,  or,  in  the  language  of 
Ehrlich,  amt)oceptoT,  The  union  of  the  antigen  with  this  am- 
boceptor alters  it  so  that,  if  a  whole  cell,  it  is  subjected  to  ag- 
glutination by  electrolytes  and  other  influences;  if  a  dissolved 
protein,  it  becomes  precipitable  and  at  the  same  time  is  rendered 
iuneniihle  to  the   action   of   alexin   and   can   be   more   easily   t^en 
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up  by  phagocytic  cella.  The  comi^emeDt  is  not  increased  during 
immunization. 

These  facts  we  have  learned  from  the  study  of  the  serum;  on  the 
other  hand,  the  morphol(^c  investigations  instigated  and  carried  on 
largely  by  MetchnikofF  and  his  followers  have  taught  us  the  great  part 
which  the  formed  elements  of  the  blood  and  lymph  play  in  the  protec- 
tion against  and  cure  of  germ  dlseaseB,  and  the  importance  of  the  phago- 
cytes is  now  widely  recf^ized. 

Of  these  cells,  the  polymorphonuclear  leucocytes  take  a  very  active 
part  in  the  ingestion  and  destruction  of  bacteria,  while  the  lai^e  mono- 
nuclear leucocytes  and  endothelial  cells,  especially  those  lining  the  blood 
vessels  and  body  cavities,  although  also  able  to  ingest  bacteria  directly, 
are  chiefly  active  in  taldng  up  cells  of  animal  oriRin,  principally  those 
which  necessarily,  in  the  normal  course  of  events,  Ix'long  to  the  same 
animal  and  have  probably  become  injure<l  or  have  Ruffered  death.  It 
has  also  been  shown  that  many  cells  in  different  parts  of  the  body  may 
take  part  in  phagocytosis  both  under  conditions  of  normal  physiolt^ical 
processes  and  under  the  stl-esa  of  invasion.  The  recent  work  of  Kyes* 
has  inclined  us  to  think  that  phagocytosis  by  fixed  tissue  cells  plays  a 
more  important  part  in  protection  than  hitherto  suspected.  Kyes  has 
found  that  pigeons  which  possess  a  powerful  normal  resistance  against 
pneumococci,  dispose  of  these  bacteria  by  phagocytosis  carried  on  in 
the  iiver  by  endothelial  and  other  cella.  Injected  either  intraperitoneally 
or  intravenously,  the  bacteria  are  soon  found  collected  in  lai^  masses 
within  such  cells. 

It  does  not  seem,  in  this  connection,  a  far-fetched  idea  to  suppose 
that  phagocytic  cells  may  use  naturally  other  cells  and  bacteria  as  a 
part  of  their  regular  food  supply.  The  polymorphonuclear  leu(!ocytes 
may  thus  depend  to  some  extent  on  the  ever-entering  bacteria  and  their 
remains;  for,  as  we  know,  bacteria  are  constantly  entering  aloi^  the 
rr^^ulor  channels  of  absorption,  and  it  is  just  as  obvious  that  nunil)ers 
of  blood  and  tissue  cells  are  constantly  dying  out  and  must  \ye  disposed 
of,  for  such  processes  are  always  in  evidence  in  the  spk-en,  and  the  inges- 
tion of  polymorphonuclear  leucocytes  by  the  large  mononuclears  can  be 
observed  wherever  leucocytes  are  collected  in  exudates,  due  either  to 
infections,  poisons,  or  supposedly  benign  irritants.  The  simple  fact 
that  these  cells  retfun  the  basic  physioli^c  activities  and  an  ability  to 
ingest  and  digest  food  in  its  crudest  form,  which  ability  was  the 
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heritage  of  their  free-switaraing  ancestors,  and  that  they  have  not 
suffered  the  total  speciaUzation  and  physiologic  d^eneracy  of  the  fixed 
tissue  cells,  seems  sufficient  evidence  to  warrant  the  coniilusion  that 
they  are  most  active  factors  in  the  protection  of  the  specialized  internal 
tissue  cells,  which  control  the  general  metabolism  and  higher  func- 
tions of  the  animal  body.  It  seema  worth  mentioning  tliat  the 
leucocytes,  alone  probably  of  all  the  true  cells  of  the  body,  are  entirely 
independent  of  the  nerve  control,  and  are  subject  only  to  the  stimula- 
tion of  their  chemical  and  physical  environment,  and  are  thus  sus- 
ceptible of  adaptation  to  and  capable  of  subserving  various  purposes 
which  would  be  fatal  to  the  duties  of  cells  controlled  by  the  nerve 
mechanism  for  the  special  functions  of  the  organism  at  large.  Further 
than  this  the  death  of  leucocytes  docs  not  matter,  as  would  the  death  of 
specialized  and  nerve-controlled  cells,  for  no  special  metalwlic  or  func- 
tional derangement  occurs  from  their  destruction. 

In  considering  this  independonra  of  the  leucocytes  it  must  not  lK^ 
assumed  that  they  have  not  varied  from  primitive  amelx)id  cells,  for  un- 
doubtedly their  life  and  proper  functioning  are  largely  determined  by  the 
special  plasma  in  which  they  live,  and  it  may  be  that  their  food,  although 
at  times  crude  compared  with  that  of  the  other  body  celb,  is  never- 
theless usually  prepared  for  them  by  processes  going  on  in  the  plasma. 

Questions  relating  to  the  independence  and  to  the  interrelation  of 
the  plasma  and  leucocytes  in  their  action  on  invading  microorganisms 
and  the  action  of  plasma  as  compared  with  serum  have  been  ground  for 
scientific  strife  for  many  years,  one  side  coati>nding  for  the  activity  of 
the  plasma,  the  other  for  the  activity  of  the  phagocyte's;  the  humoralist 
at  first  neglecting,  if  not  absolutely  forgetting,  that  a  fluid  can  not  l>o 
self-replenishing,  while  the  supporters  of  phagocytosis  largely  over- 
looked tJie  fact  that  plasma  is  not  neces.sarily  an  inert  menstruum  such 
as  salt  solution. 

While  these  differences  have  been  to  some  extent  adjusted  by  the 
theory  and  work  of  Ehrlich,  an  immediate  point  of  contention  is  still  the 
question  of  the  similarity  of  action  of  plasma  and  serum.  The  humoral 
school  contends  that  the  alexin  of  Buchner— complement  of  lat**r 
writers — is  secreted  into  the  plasma,  while  the  Metchnikoff  school 
claims  that  it  is  only  given  up  from  injured  leucocytes  in  the  body, 
and  to  the  serum  by  destruction  of  leucocytes  during  coi^ulation.  The 
Mt^tchnikoff  school  maintains,  however,  that  the  amboceptors  necessarj' 
for  bactericidal  and  bacteriolytic  action  are  formetl  in  excess  in  the 
phagoc>'tes,  and  given  off  from  these  to  the  plasma,  yet  asserts  that 
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they  are  inactive  for  lack  of  the  complement  which  is  normally  retained 
in  the  leucocytes,  and  that  they  simply  prepare  the  bacteria  for  com- 
plete digestion  in  the  leucocytes.  From  the  work  of  recent  years  it 
would  seem  rather  unlikely  that  either  alexin  or  sensitizer  take  their 
origin  in  the  leucocytes  in  the  cells. 

In  1894  a  further  adjustment  of  differences  took  place,  when  certain 
phenomena  observed  by  Denys  and  his  pupil  Leclef  demonstrated  that 
the  act  of  phagocytosis  when  performed  in  serum,  in  some  instances 
at  least,  was  dependent  on  the  presence  of  certain  substances  in  the 
serum.  Thus,  they  were  able  to  show  that  leucocytes  removed  from 
normal  blood  and  placed  with  bacteria  in  immune  serum  enulfed 
the  bacteria  actively,  while  leucocytes  from  immunized  animals  mixed 
with  bacteria  in  normal  serum  took  up  the  organisms  no  more  actively 
than  the  normal  leucocytes.  The  botlies  inciting  the  phagocytosis  must 
obvioasly,  then,  they  concluded,  be  in  the  serum.  Whether  these  bodies 
acted  on  the  leucocyte  or  on  the  bacteria  was  not  then  determined, 
but  Denys  concluded,  in  '1898,  that  the  bacteria  were  directly  affected. 
The  fact  that  the  action  is  exerted  on  the  bacteria  was  recently  de- 
termined positively  by  Wright  for  normal  serum,  and  by  Neufeld  and 
Rimpau,  independently  of  Wright,  for  unmune  serum.  These  bodies 
have  been  called  opsonins  by  Wright,  and  bacteriotropins  by  Neufeld, 
and  have  been  shown  to  attach  themselves  to  the  bacteria  apd  thus 
prepare  them  for  ingestion-  by  the  phagocytes.  It  has  also  been  shown 
by  various  observers  that  the  more  virulent  the  germ,  the  leas  susceptible 
it  is  to  phagocytosis  and  the  more  potent  the  antisera  must  be  to  permit 
of  the  ingestion  by  the  cells. 

If  now,  for  clarity  of  conception,  we  summarize  briefly  the  disease- 
producing  agents  possessed  by  the  bacteria  an<l  the  oppo.sing  substances 
of  the  serum  and  processes  of  the  animal  body,  we  find  the  true  toxins, 
including  probably  leucocidins  and  hemolysins,  opposed  by  antitoxins 
which  become  free  in  the  plasma;  the  bacterial  Ijodies  and  possibly  the 
endotoxins  opposed  by  leucocytes,  and  by  lytic  substances  formed  of 
amboceptor  and  complement,  which  either  kill  or  dissolve  the  bacteria 
and  free  the  endotoxins,  but  do  not  neutralize  them;  and,  third,  we 
have  probably  certain  substances  which  oppose  phagocytosis. 

These  last  named  substances  are  largely  problematical.  Bail  has 
described  substances  which  he  oalls  aggressins,  which  he  thinks  prevent 
the  destruction  of  bacteria  by  protective  mechanism  of  the  invaded 
body.  He  believes  that  these  are  secretions  produced  by  the  bacteria 
under  the  conditions  found  in  the  normal  lx)dy  but  not  in  the  tesu 
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tube.  Wassermann  and  Citron  believe  that  Bail's  a^ressins  are  noth- 
ing further  than  endotoxins  which  divert  antibodies  from  bacteria 
themselveB,  by  neutralizing  them.  We  ourselves,  reasoning  from  work 
done  by  the  writer  with  Dwyer,  are  inclined  to  believe  that  Bful's 
aggressiiis  are  of  the  nature  of  proteotoxins  or  anaphylatoxins  which  are 
forme<l  in  the  reaction  between  bacteria  and  active  serum  constituents 
when  ph^ocytosis  for  some  reason  is  inhibited.  Whether  or  not  the 
a^utinating  and  precipitating  functions  of  immune  sera  have  any 
protective  importance  is  somewhat  obscure. 

The  recent  work  of  Bull  seems  to  indicate  that  bacteria  are  rapidly 
agglutinatii^  in  the  animal  iMxly  and  that  by  this  ai^utination  phago- 
cytosis of  the  bacteria,  by  fbced  and  mobile  phi^ocytosis  throughout 
the  b<Kly,  is  facilitated. 

While  all  of  those  different  functions  ami  chemical  substances  are 
posses-sed  by  animals  ns  a  class,  it  Ls  bctntming  more  and  more  obvious 
that  these  are  not  always  present  or  active  in  the  siune  <l«^rce,  and  that 
there  arc  rec<^nizal)le  differences  in  the  protective  mechanisms  of  dif- 
ferent animal  species — in  species,  in  fact,  not  far  removed  from  each 
other  in  the  natural  classification.  An  explanation  of  reactions  to  a 
given  infection  which  applies  in  the  case  of  one  species  is  not,  therefore, 
obviously  applicable  in  the  case  of  another  species.  This  is  true  not  only 
of  the  ipcehanism  of  protection  as  it  takes  place  in  the  serum  of  dif- 
ferent animals  and  in  their  plasma,  but  also  of  pliagoi;yto8is  and  phagocy- 
tic digestion  and  the  factors  wliich  contribute  to  the  perfection  of  these 
processes.  The  constant  stunibling-blo<^k  in  the  way  of  a  correct  in- 
terpretation of  proc(*ises  going  on  in  the  animal  body  is  our  inability,  as 
we  have  seen,  to  argue  from  siTum  phenomena  to  phenomena  occurring 
in  the  plasma.  A  failure  to  keep  this  in  min<l,  although  it  is  fully  recog- 
nized, has  undoubtedly  led  to  many  hiisty  conciusions,  particulariy 
connected  with  thci  theory  of  lytic  immunity.  This  may  l«>  illustrated 
by  a  well-known  exanipl*;:  Fresh  rabbit  stTum  is  actively  germi<;idal  for 
anthrax  bacilli,  dog  serum  is  not;  yet  rabbits  are  extremely  sensitive 
to  a  true  anthrax  infection,  while  dogs  are  very  resistant.  Experiment 
has  shown  that  there  are  sensitizers  in  the  sera  of  both  these  animals, 
but  that  the  dog's  scrum  does  not  contain  the  complement  necessary 
for  their  action  on  the  bacilli;  the  complement  presumably  has  re- 
mained in  the  bo<ly  cells,  whereas  in  tlje  case  of  the  rabbit  it  has  pos- 
sibly been  libr-ratcd  from  the  leucocytes  during  clotting.  The  reason 
the  d<^  is  insusceptible  is,  then,  not  lieeaast^  of  plasma  liostruction  of 
the  invading  anthrax  germs,  but  probably  Ix-cause  of  a  more  perfect 
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adjustment  of  the  cellular  mechanism  to  the  infe<;tion,  althout^h  if  wc 
simply  followed  the  theory  of  the  baetericidul  action  of  serum  and 
plasma  as  .being  coextensive,  and  the  active  protective  mechanism,  the 
rabbit  should  have  been  protected,  w'lilc  the  dog  should  have  suc- 
cumbed. The  difference  here  probably  depends  upon  adequate  phago- 
cytosis in  the  dog,  while  in  the  rabbit  either  the  mechanism  of  ingestion 
is  incomplete  or  the  cells  fail  to  cope  successfully  with  their  contents. 
As  a  matter  of  fact,  we  are  comii^  more  and  more  to  the  conclusion 
that  actual  bacteriolytic  processes  within  the  circulating  plasma  arc 
much  less  important  in  protection  against  invading  bacteria  than  was 
lonnerly  supposed  by  the  humoral  school  of  bacteriologists. 

Even  if  the  evidence  so  far  in  our  possession  warranted  the  conclu- 
aon  that  the  bactericidal  and  bacteriolytic  bodies  wiiicli  are  pnssent 
in  the  sera  of  various  animals  are  present  and  active  against  certain 
roicrooi^anisms  in  the  same  manner  in  their  pUisnia,  wc  should,  never- 
theless, still  have  a  number  of  microoi^anisms  whi<^h  are  singularly 
iuijusceptible  to  such  action  of  the  serum  or  pla.sma,  even  of  animals 
highly  immunized  against  them.  The  method  of  resistance  iigain-it 
these  would  have  to  be  explained  by  a  different  mechanism,  and  if  this 
death  and  destruction  are  not  accomplishe<l  in  the  plasma,  then  we  must 
look  largely  to  the  activities  of  the  leucocytes  for  their  accomplishment. 

Now,  not  only  the  serum  substances  which  further  leucocytosis  have, 
as  we  have  seen,  received  much  attention  of  late,  but  the  bodies  an- 
tagonistic to  the  bacteria  which  are  supposed  to  be  contained  in  the  leu- 
cocytes have  also  been  extensively  investigated. 

Ebqjeriments  bearing  on  these  questions  make  it  appear  extremely 
probable  that  bactericidal  and  bacteriolytic  actions  d<'pend  on  two 
processes;  one  of  these  m  the  bacteriolytic  action  of  the  serum  and 
plasma,  the  other  the  bactericidal  action  of  subalancca  retained  in  the  ' 
leucocytes.  As  an  example  of  the  type  supposed  to  depend  solely  on 
the  bactericidal  substances  of  the  serum  or  plasma,  the  mechanism  of 
the  natural  and  artificial  immunity  of  guinea-pigs  to  typhoid  and  cholera 
may  be  cited,  since  in  these  animals  no  one  has  as  yet  succeeded  in 
demonstrating  that  substances  derived  from  the  leucocytes  by  extrac- 
tion have  any  bactericidal  a<:tipn  on  the  pt^aninms  of  these  two  dist^asca. 
This  does  not  mean,  however,  that  the  bactericidal  action  takes  place 
naturally  outside  of  the  leucocytes,  for  the  bacteria  loaded  with  sensi- 
tizers are  probably  taken  into  the  leucocyte  and  there  digested.  As 
examples  of  immunity  depending  on  substances  mthin  the  leucocytes, 
the  natural  and  artificial  immunity  of  dogs  and  cats  to  anthrax,  and  the 
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immuQity  of  guinea-pigs  to  certain  strains  of  protcus,  may  be  cited, 
for  in  these  cases  the  leucocyte  extract  is  germicidal,  while  the  serum 
is  not. 

Stated  impartially,  then,  our  knowledge  of  immune  bodies  and  proc- 
esses stands  somewhat  thus:  There  are  certain  sensitizing  substances 
possibly  present  in  the  plasma,  certainly  in  the  serum  wherever  this 
is  formed  in  a  pathological  process,  which  have  specific  affinity  for  the 
invading  germs  and  their  products  and  which  when  supplied  with 
complement,  either  normally  present  in  the  plasma  or  derived  from  the 
cellular'  source,  may  become  actively  harmful  to  the  bacteria,  killing 
them  6r  even  breaking  them  up,  with  the  lilx^ration  of  bodies  wliich 
may  become  poisonous  to  the  animal  per  se  or  by  further  digestion. 
This  same  sensitization  by  the  plasma  constituents,  while  not  in  itself 
injuring  the  bacteria,  may  subject  them  to  the  ph^ocytic  power  of 
the  leucocytes.  These  latter  functions  of  the  plasma  are  spoken  of 
as  opsonins  or  baderiolTOpins. 

By  a  great  many  workers  it  is  a-ssumcd  that  the  opsonic  function  is 
carried  on  by  serum  constituonte  entirely  separate  and  apart  from  the 
bactericidal  or  agglutinating  functions.  _Thc  writer  is  himself  inclined 
to  look  upon  the  specific  sensitizing  body  in  the  serum  as  probably 
identical  for  all  these  functions,  in  so  far  as  it  concerns  one  and  the 
same  antibody.  The  antigen  is  sensitized  by  the  specific  antibody  and  is 
then  rendered  subject  to  the  agglutination  or  precipitation,  when 
physical  conditions  are  suitable,  to  bact«rieid:vl  effects  in  the  presence 
of  alexin  or  to  phagocytosis  in  the  presence  of  leucocytes. 

After  phagocytosis  has  taken  place,  the  genns  may  be  killed  and 
digested.  Some  of  the  bactericidal  Ixxlics  of  the  phagocytes  are  sub- 
stances diJTcring  in  character  from  the  lytic  bodies  of  the  serum,  and 
'  are  either  not  given  off  to  the  scrum  or  arc  not  active  in  it;  whether 
the  lytic  amboceptors  present  in  the  serum  are  derived  from  the  leuco- 
cytes is  doubtful  and  rather  improbable.  This  is  supported  by  the  sup- 
position that  guinea-pig  leucocyte  extracts  are  not  germicidal  for 
cholera  and  typhoid  organisms.  Neverthelis^s,  intracellular  digestion 
of  these  genus  does  go  on;  it  is  possible,  then-fore,  that  the  iunlx>- 
ceptors  present  in  the  plasma,  whatever  their  source,  attach  themselves 
to  the  genns  and  aid  in  intracellular  <ligestion. 

None  of  the  processes  just  mentioned  leads  to  the  formation  of  anti- 
toxins which  be«)me  free  in  the  plasma  or  serum.  Now,  in  view  of  these 
facts  and  suppositions,  it  may  po.ssibly  l)e  li^icid  to  conceive  that  nearly 
all  pathogenic  germ§  secrete  bodie?  which  arc  not  readily  soluble  jn  cuJ- 
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ture  fluids  or  ia  the  fluids  of  the  animal  body;  that  these  bodies  are  not 
readily,  if  at  all,  a^imilable  by  non-phagocyting  cells.  These  bodies 
may,  however,  be  broken  up  by  digestive  bodies  present  in  the  serum, 
and  from  them  may  thus  be  liberated  a  poisonous  substance,  which  may 
then  be  assimilated  by  the  higher  cells  of  the  body,  and,  when  in  suffi- 
cient quantity,  cause  death.  The  more  rapid  the  process  of  liberation 
the  more  quickly  death  ensues.  The  plasma  digestion  is,  then,  according 
to  this  conception,  a  mechanism  which  is  faulty  when  applied  to  bacteria 
and  their  products,  and  if  this  conception  is  correct  the  fault  may  occur 
somewhat  as  follows:  Bacteria  and  their  insoluble  or  non-assimilable 
products  when  taken  into  the  phagocyte  are  subjected  to  two  processes, 
a  primary  bactericidal  and  coagulating  one,  and  then  a  more  leisurely 
Ij'tic  or  disintegrating  action,  during  which  poisonous  products  are 
probably  liberated,  but  slowly  enough  to  be  taken  care  of  by  destroy- 
ing or  neutralizing  bodies.  Even  if  the  leucocyte  dies,  it  is  usually  taken 
up  by  a  mononuclear  cell,  and  the  poi.'wns  do  not  become  free  in  the 
fluids. 

These  are  some  of  the  problems  of  immunity,  particularly  those  re- 
lating to  the  microorganisms  which  are  harmful  to  the  animal  body, 
not  so  much  through  their  ability  to  secrete  harmful  soluble  poisons,  as 
throi^  their  insistently  invasive  character,  or  by  the  liberation  of  the  ' 
toxic  products  resulting  from  the  destniction  of  their  secretions  or  of 
their  own  bodies.  It  is  the  disea.ses  caused  by  these  organisms  on  which 
the  attention  of  bacteriolc^lsts  is  now  chiefly  centered. 

The  organisms  of  these  diseases  undoubtedly  Iwlong  to  two  or  more 
classes,  in  one  of  which  may  be  placed  the  typical  septicemia  producers 
—anthrax,  pneumococcus,  streptococcus,  etc. — in  the  other  the  less  in- 
vasive oi^anisms,  typified  by  cholera  and  to  some  degree  by  typhoid. 
Between  these  two  extremes  tliere  are  all  grades. 

If  the  data  amassed  in  the  study  of  these  types  of  microorganisms, 
aad  of  the  processes  supposed  to  be  involved  in  meeting  infection  and 
establishing  cure  and  immunity  from  them,  have  been  made  clear,  it 
may  be  easier  to  comprehend  some  of  the  problems  which  daily  face 
investigators  in  their  struggle  to  arrive  at  a  rational  method  of  biol<^ic 
treatment,  and  to  realize  more  fully,  in  the  light  of  this  knowledge,  why 
disappointment  has  so  persistently  followed  in  the  wake  of  serum  therapy 
as  applied  to  these  infectious  diseases.  For,  in  spite  of  the  most  persist- 
ent attempts  to  produce  curative  sera,  the  results  have  not  I>een  satis- 
factory and  have  not  led,  except  in  rare  instances,  to  the  practical  use  of 
Buch  sera  in  the  treatment  of  disease  in  man. 
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The  sera,  thus  produced,  have  not,  except  in  a  very  minor  way, 
been  antitoxic  in  tlie  usually  accepted  sense,  and  depend,  as  we  have 
seen,  probably,  for  any  protective  value  they  may  possess  slightly  on 
their  germicidal  and  bacteriolytic  power  and  largely  on  the  opsonins 
they  may  carry,  and  thus  facilitate  phagocytosis.  These  sera  are  ca- 
pable of  protecting  an  animal  from  an  infecting  oi^anism,  when  mixed 
with  it  in  surprisingly  minute  quantities;  but  consistent  curative  effects, 
other  than  merely  local,  has  been  definitely  determined  in  a  very  few 
instances  only. 

On  the  other  hand,  indeed,  test  and  experiment  have  shown  that 
animals  and  man  sufTerii^  from  a  true  infection  may  and  often  do 
themselves  furnish  sera  capable  of  strong  bactericidal  and  bacteriol>'tic 
action  (when  combined  with  normal  sera  containing  complement),  and 
yet  in  spit^  of  this,  they  succumb  or  may  l)c  subject  to  severe  relapses. 

In  the  light  of  these  and  other  facts  which  have  been  cited,  it  seems 
that  one  might  well  refrain  from  attempts  to  produce  beneficial  effects  by 
injecting  still  further  amount**  of  bact^'riolytic  or  similar  bodies,  and  seek 
further  lor  an  explanation  of  the  exact  methods  and  processes  of  the 
cure  effected  in  those  animals  and  man  who  do  survive  an  infection. 

Failure  to  solve  these  problems  on  lines  hitherto  followed  should  not 
"  discrourage  us,  however,  while  we  know  tliat  animals  and  man  do  re- 
cover naturally  from  such  infections.  The  conclu-sion  that  this  power 
must  reside  in  increased  <ligestivc  and  neutralizing  or  poison-<lestroying 
powers  of  the  animal  oi^misms  can  not  well  Ix;  avoided,  and  these 
functions  of  the  animal  mcM^hanism  will  probably  be  found  to  take  place 
largely  in  the  wandering  or  fixed  cells. 

The  animal  l)ody,  then,  ideally  protected  in  the  time  of  bacterial  in- 
vasion, may  well  lie  one  in  which  some  set  of  cells — phagocytes — are 
immediat<'ly  ready  and  able  t«  take  up  the  bacterial  invaders  and  de- 
stroy them,  and  within  their  own  bodies  to  neutralize  any  poisons  se- 
creted by  such  invaders  or  arising  from  their  destruction  by  digestion, 
and  this  witliout  sc^rious  harm  to  the  ingesting  cells;  or — failing  tbis 
full  immunity  from  serious  harm — it  may  be  that  these  ingesting  eelU 
are,  in  their  turn,  taken  up  and,  with  their  noxious  contents,  digested  by 
other  scavenging  cells,  with  a  minimum  lilMiration  of  the  sulwtanees 
which  c»n\d  injure  the  I>ody  cells  <ledii;ated  to  specialized  functions. 
The  whole  strufg;te  of  the  infected  organism  may  l)e  summed  up  as  a  con- 
flict l)etween  the  leucocytt-s  and  the  genus,  and  that  it  is  an  attempt  to 
bring  the  invathng  germs  within  the  leucocytes,  and  is  a  process  witli 
which  the  system  at  iai^e  often  Uiw  liltlc  or  nothing  to  do,  except  as  an 
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innoceiit  and  injured  bystander,  and  that  extracellular  destruction  of 
bacteria  and  toxicogenic  bodies  is  an  untoward  event  afttT  the  thorough 
establishment  of  infection  often  hading  to  dire  consequences,  and 
depending  on  the  chance  occurrence  of  suitable  digestive  lx>dics  in  the 
serum  which  have  Ynvn  tiirown  off  in  excess  from  the  cells,  and  which 
may  thus  l>ecomc  a  incn:ice  t^>  th(^  system  at  lurgi;  by  lil)er<iting  poison- 
ous bo<lies  from  comparatively  harmless  compounds. 

Tlius,  in  many  iiistiinces,  it  setims  wo  are  probably  <lealing  witli  an 
immunity,  a  large  part  of  tht^mechanism  of  which  is  intriKX'llular,  not 
only  in  the  sense  of  phagocytosis  and  digestion,  but  in  the  neutralization 
or  <Icstruction  of  poisons  which  arise  from  the  disintegration  of  the  bac- 
teria and  their  products — a  mechanism  in  which  the  protecting  cells 
must  intervene  and,  largely  unaided  by  antitoxic  Itodies  in  the  plasma, 
neutralize  or  destroy  within  themselves  the  poisonous  pnxlucts  of  the  in- 
vading microorganisms. 

It  was  this  thought  which  su(g;ested  the  idea  of  trcatiiy;  infeittions 
with  the  extract  of  leucocytes,  and  thus  aiding  the  phagocytes  by 
furnishing  them  as  directly  as  possible  with  the  weapons  which  they 
use  in  their  fight  with  invading  microorganisms,  and  also  to  protect 
them  and  the  cells  of  specialized  function  from  destruction  and  giv;' 
them  an  opportimity  to  recuperate  and  carry  on  successfully  their 
struggle  agaiast  the  invading  germs. 

The  treatment  of  infections  with  vaccines  also  is  based  upon  the 
rect^Enition  of  the  necessity  of  the  din-ct  intervention  of  phagocytes 
in  the  cure  of  certain  bacterial  diseases  an<l  is,  as  .we  havc^  seen,  an 
endeavor  to  stimulate  the  production  of  substances  facilitating  the 
ii^estion  of  the  oi^nisms  by  the  phagoeyt^-s. 

Finally,  it  must  bo  rememi>ered  that  while  animal  experiments  are 
necessary,  and  often  extremely  instructive,  one  can,  nevertlK'less,  not 
always  ai^e  directly  from  these  to  occurrences  in  man.  An  injection 
diitease  is  not  an  infedious  disease,  and  we  are  deling  usually  with  con- 
ditions in  man  which  are  at  least  not  entirely  analogous  to  artificial  in- 
fections in  animals.  Artificial  infections  are  usually  aet^omplished  by  an 
abrupt  introduction  of  a  large  quantity  of  infe<^ting  genns  and  their 
products;  the  animal  powers  of  resistance  are  often  immediately  and  se- 
verely taxed;  the  incubation  period  thus  artificially  shortened;  and  the 
germs  themselves,  being  present  in  lai^e  nunbers,  are  n»i  subjected  to 
such  a  searching  elimination  as  is  usually  the  ea.se  with  the  few  organisms 
gaining  a  foothoI<l  by  the  naturiil  channels  of  infectitm.  This  difference 
is  most  marked  in  septicemias,  in  which,  in  animal  experiments,  th(>  or- 
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ganistns  have  been  introduced  directly  into  the  circulation  in  quantities 
sufficient  to  bring  about  a  very  rapid  poiaonii^  and  overwhelming  of  the 
animal,  with  probably  only  a  very  partial  adaptation  of  the  bacteria 
to  the  animal  agents  of  resistance.  On  the  other  hand,  the  septicemic 
invasion  in  man  most  often  follows  the  adaptation  of  the  germs  in  some 
more  favorable  nidus,  and  probably  has  to  do  with  an  evolution  in  the 
bacterial  resistance  to  the  protective  powers,  rather  than  a  decrease  in 
protective  strength  on  the  part  of  man.  Indeed,  Iwth  of  these  processes 
may  increase  hand  in  hand,  and  we  may  h^ve  septicemias  extending  over 
weeks,  months,  and  even  years.  We  may  have,  in  fact,  an  "armed 
peace"  and  the  pn^pared  bacterial  army  is  not  to  be  routed  by  the 
application  of  means  which  under  other  circumstances  might  prove  effi- 
cacious, for  we  have  seen  how  the  l)acteria  may  possibly  become  resist- 
ant to  the  protective  agents  of  the  animal  body,  and  may  continue  to 
survive  attacks  which  might  well  prove  fatal  to  less  well-adapted 
members  of  their  species.  An  excellent  example  of  this  is  our  own 
recent  experience  with  the  treponema  pallidum  which  in  its  virulent 
condition  resists  scrum  influences  which  strongly  agglutinate  the  culti- 
vated non-viruicnt  stnuns. 
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CHAPTER  XXI 
THE  STAPHYLOCOCCI    (MICUOCOCCI) 

Thb  power  to  incite  purulent  and  Hcro-purulcnt  inflammations  and 
localized  abscesses  in  man  and  animals  is  possessed  by  a  large  variety  of 
pathogenic  bacteria.  Most  infections,  in  fact,  in  which  the  relative 
virulence  of  the  incitant  and  the  resistance  of  the  infected  subject  are 
so  balanced  that  temporary  or  permanent  localization  of  the  infec- 
tious process  takes  place  are  apt  to  be  accompanied  by  the  formation  of 
pus.  The  lai^c  majority  of  acute  and  subacute  purulent  processes, 
bBwever,  are  caused  by  the  members  of  a  well-defined  group  of  bacteria 
spoken  of  aa  the  pyogenic  cocci.  Among  these,  pre-eminent  in  import- 
ance, are  the  "staphylococci"  or  "micrococci." 

Many  of  the  earlier  investigators  of  surgical  infections  had  seen  small 
round  bodies  in  the  pus  discharged  from  abscesses  and  sinuses  and  had 
given  them  a  variety  of  names.  Careful  bacteriological  studies,  how- 
ever, were  not  made  until  1879  and  the  years  immediately  following, 
when  Koch, Pasteur, Ogston,'  and  others  not  only  described  morphologi- 
cally, but  cultivated  the  cocci  from  surgical  lesions  of  animals  and  man. 
Of  fundamental  importance  are  the  studies  published  by  Roeenbach  * 
in  18R1,  in  which  the  technical  methods  of  modem  bacteriology  were 
brought  to  bear  upon  this  subject  for  the  first  time.  The  group  of 
staphylococci — so  named  from  their  growth  in  irregular,  grape-like 
clusters — is  made  up  of  several  members,  by  far  the  most  important 
of  which,  pathologically,  is  the  Staphylococcus  pyogenes  aureus. 

*Ogfbm,  Brit.  Med.  Jour,  1881. 

^SotetAach,  "Microorganismen  bei  Wundinfektion,"  1884. 
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BTAPHYLOOOOOmi  PYOOXKXB  AURKUS 

Moiphology  tnd  Staining. — This  microoi^anism,  the  most  frequent 
cause  of  abscesses,  boils,  and  many  surgical  suppurations,  is  a  spherical 
coccus  having  an  average  diameter  of  about  0.8  niicra,  but  varying 
within  the  extreme  limits  of  0.4  to  1 .2  micra.  Any  considerable  variation 
from  the  average  size,  however,  is  rare.  The  perfectly  spherical  charac- 
ter may  not  develop,  whenever,  as  is  usually  the  case,  two  or  more  are 


Fig.  60. — STAParLococcus  pvoobnes  AtmEus.    (After  Gflnther.) 

grouped  together,  unseparated  after  cell  cleavage.  In  this  case,  adjacent 
cocci  are  slightly  flattened  along  their  contiguous  surfaces. 

Examined  in  smears  from  cultures  or  pus,  the  staphylococci  may 
appear  as  single  individuals,  in  pairs,  or,  most  frequently,  in  irregular 
grape-like  clusters.  Occasionally,  short  chains  of  three  or  four  may  be 
seen.  In  very  young  cultures  in  fluid  media,  the  diplococcus  form  may 
predominate. 

The  staphylococci  stain  with  all  the  usual  basic  aqueous  auiUn  dyes, 
and,  less  intensely,  with  some  of  the  acid  dyes.  Stained  by  the  metiiod 
of  Gram,  they  retain  the  anilin-gentian-violet.  Gram's  method  of 
staining  is  excellently  adapted  for  demonstration  of  these  cocci  id 
tissue  sections. 
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Although  exhibiting  marked  Brownian  movements  in  the  hanging 
drop,  staphylococci  are  non-motile  and  possess  no  flagella.  They  are 
non-sporogcnous  and  form  no  capsules. 

Onltoral  Chiraetots.— Staphylococci  grow  readily  upon  the  usual 
laboratory  media.  The  simpler  media,  made  of  meat  extract,  are  quite 
as  efficient  for  their  cultivation  as  are  the  freshly  made  meat-infuaioa 


Fig.  70. — Staphylococcus  Colonies 


products.  The  optimum  temperature  for  staphylococcus  cultivation 
lies  at  or  about  30°  C,  though  growth  readily  takes  place  at  tempera- 
tures as  low  as  15°  C,  and  as  high  as  40°  C.  Slow  but  definite  growth 
has  been  observed  at  a  temperature  as  low  as  10°  C. 

^VTiile  development  is  most  characteristic  and  luxuriant  under 
aerobic  conditions,  staphylococci  are  facultatively  anaerobic  on  suitable 
media.     They  grow  readily  in  an  atmosphere  of  hydrogen. 
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As  to  the  reaction  of  media,  staphylococcus  develops  most  favorably 
upon  those  having  a  slightly  alkaline  titer.  Moderately  increased 
alkalinity  or  even  moderate  acidity  of  media  does  not  inhibit  growth. 

On  gelatin  plates,  growth  occurs  readily  at  room  temperature,  fonn- 
ing  within  thirty-six  to  forty-eight  hours,  small,  shining,  pin-head 
shaped  colonies,  appearing,  at  first,  grayish-white,  and  later  assuming  a 
yellowish  hue,  which  intensifies  into  a  light  brown  and  often  a  bronze 
color  as  the  colony  grows  older.  The  intensity  of  the  color  differs  con- 
siderably in  different  races  of  staphylococci.  Liquefaction  of  the  gelatin 
occurs,  and,  shallow,  saucer-shaped  depressions  are  formed  about  the 
colonies  after  forty-eight  hours  or  more.  These  zones  of  fluidification 
grow  larger  as  the  colonies  grow,  finally  becoming  confluent.  Micro- 
scopically, the  colonies  themselves,  before  liquefaction  has  destroyed 
their  outhne,  are  round,  rather  finely  granular,  with  smooth  edges. 
They  are  not  flat,  but  rise  from  the  surface  of  the  medium  as  the  seg- 
ment of  a  sphere.  In  gelatin  stab  cultures  in  tubes,  fluitlification  leads 
to  the  formation  of  a  funnel-shaped  depression,  with,  finally,  complete 
liquefaction  of  the  medium  and  sedimentation  of  the  bacteria.  Lique- 
faction of  gelatin  by  the  8taphylo<;occus  is  due  to  a  ferment-like  body 
elaborated  by  it,  which  is  spoken  of  as  "gelatinaac."  This  substance 
can  be  obtained  apart  from  the  cocci  by  the  filtration  of  culture^.'  It 
is  an  extremely  thermolabile  body. 

On  agar  plates  the  characteristics  of  the  growth,  barring  liquefaction, 
are  much  like  those  on  gelatin.  Colonies  do  not  show  a  tendency  toward 
confluence,  remaining  discrete,  and  show  a  rather  remarkable  differ- 
ence in  the  size  of  the  colonits  occurring  upon  the  same  plate.  Upon 
slanted  agar  in  tubes,  rapiti  growth  occuiu,  at  first  grayish-wliite,  but 
soon  coveiing  the  surface  of  the  slant  as  a  glistening,  golden-brown 
layer. 

In  broth,  growth  is  rapid,  leading  to  a  general,  even  clouding  of  the 
medium,  and  giving  rise,  after  forty-eight  or  more  hours,  to  the  formation 
of  a  thin  surface  pellicle.  As  growth  increases,  the  bacteria  sink  to  the 
bottom,  forming  a  heavy,  mucoid  sediment.  The  odor  of  old  cultures 
is  often  peeuliariy  acrid,  not  unlike  weak  butyric  arid. 

In  milk,  staph yloco(^c us  eau.ses  coag\ilation  usually  within  three  or 
four  days,  with  the  formation  of  lacti(^  and  butyric  acids. 

On  potato,  growth  is  abundant,  rather  dry  and  usually  deeply  pig- 
mented, 

>Loeb,  Ctnt.  f.  Bakt..  xxxu.  1902. 

Digitized  by  Google 


STAPHYLOCOCCUS  PYOGENES   AUREUS  325 

Upon  coagulated  animal  sera,  rapid  growth  takcsplacc  and  eventually 
slight  hqucfaction  of  the  medium  is  said  to  occur. 

In  nitrate  aolutiuns,  reduction  of  the  nitrates  to  nitrites  is  caused. 

In  Dunham's  brolh,  indol  is  formed. 

In  media  containing  the  carbohydrates — dextrose,  lactose,  or  sac- 
cbarose — acidification  takes  place  with  the  formation  chiefly  of  lac- 
tic, butyric,  and  formic  acids.  There  is  no  gas  formation,  however. 
In  proteid  media  free  from  sugars,  the  staphylococcus  produces 
alkah. 

The  reducing  action  of  staphylococcus  is  shown  by  dccolorization 
':n  cultures  of  litmus,  mcthylcne-bluc,  and  rosanilin.' 

Fignumt  TormatioB. — DifFcrentiatlun  between  the  various  members 
of  the  staphylococcus  group  is  based  largely  upon  the  formation  of 
pigments.  These  pigments,  so  far  an  we  know,  seem  to  be  species 
characteristics.  Thus,  Staphylococcus  pyogenes  aureus  is  recognized 
primarily  by  its  production  of  a  yellowish-brown  pigment,  varying  in 
different  strains  from  a  pale  brown  hue  to  a  deep  golden  yellow.  Pro- 
longed cultivation  upon  artificial  media  may  lead  to  a  diminution  in  the 
ilopth  of  color  produced."  It  appears  only  when  cultivation  b  carried 
on  under  freely  aerobic  conditions,  anaerobic  cultivation  resulting  in 
unpigmentcd  colonics.  The  coloring  matter  is  insoluble  in  water  but 
soluble  in  alcohol,  chloroform,  ether,  and  benzol.'  According  to  Schnei- 
der,' the  pigment  belongs  to  the  class  of  "lipochromes"  or  fatty  pig- 
ments, and  is  probably  composed  of  carlwn,  oxygen,  and  hydrogen, 
without  nitrogen.  Treatment  with  concent  rateil  sulphuric  acid  changes 
it  to  a  green  or  greenish-blue.* 

BesistADca. — Although  not  spore  formers,  staph ylococi^i  are  luorc 
resistant  to  heat-than  many  other  purely  vegetative  forms.  The  thermal 
death  point  given  for  Staphylococcus  pyogenes  aureus  by  Sternberg' 
lies  between  50°  and  5S°C.,  the  time  of  exposure  being  ten  minutes. 
The  same  author  stat«a  that,  when  in  a  completely  dried  stitte,  the  coccus 
is  still  more  resistant,  a  temperature  of  from  90°  to  100°  C.  I)eing  re- 
quired for  its  destruction.  Against  low  temperatures,  staphylococci  are 
extremely  resistant,  repeated  freezing  often  fsuling  to  sterilize  cultures. 

'  Ft.  MuUer.  C*nt.  t.  Bakt.,  xxvi,  1890. 

'  FlUgge,  "Die  MicroorB.."etc. 

^Miguia,  "System  d.  Bakt,"  Jena.  1897. 

'Schneider,  Arb.  a.  d.  bakt.  Inst.,  Karlsruhe,  1,  vol.  i,  1894. 

'FikAct,  "Vories,  Ober  die  Bakt.,"  Jena,  190.'). 

*SUrvher^,  "Teitbpok," etc.,  N,  Y.,  1901,  p.  375, 
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"Desiccation  is  usually  well  borne,  staphylococci  remaining  alive  Im 
six  to  fourteen  weeks  when  dried  upon  paper  or  cloth.'  Onslant  agar, 
staphylococci  may  be  safely  left  for  three  or  four  months  without  trans- 
plantation, and  remain  alive.' 

The  resistance  of  staphylococci  to  chemicals,  a  question  of  great 
surgical  importance,  has  been  made  the  subject  of  extensive  researches, 
notably  by  Liibbert,'  Abbott,*  Franzott,'  and  many  others.  According 
to  Liibbert,  inhibition  of  staphylococcus  growth  is  attained  by  the  use  of 
boric  acid  1  in  327,  salicylic  acid  1  in  650,  corrosive  sublimate  1  in 
80,000,  carbolic  acid  1  in  SOO,  thymol  1  in  11,000.  Staphylococci  are 
killed  by  corrosive  sublimate  I  in  1,000  in  ten  minutes,  by  carbolic  acid 
1  per  cent  in  35  minutes,  3  per  cent  in  2  minutes  (Franzott).  Ethvl 
alcohol,'  even  when  al>solute,  is  not  very  efficient  as  a  disinfectant- 
Nascent  iodin,  as  split  off  from  iodoform  in  wounds,  is  extremely  power- 
ful in  destroying  staphylococci. 

Pfttho^nicity. — St-parate  strains  of  Staphylococcus  pyogenes  aureus 
show  wide  variations  in  relative  virulence.  The  most  highly  virulent 
are  usually  those  recently  isolated  from  human  suppurative  lesions, 
but  no  definite  rule  can  be  formulated  in  this  respect.  The  virulence 
of  a  given  st.rain,  furthermore,  may  be  occasionally  enhanced  by  re- 
peated passages  through  the  body  of  a  susceptible  animal.  Prolonged 
cultivation  upon  artificial  media  is  liable  to  decrease  the  virulence  of  wiy 
given  strain,  though  this  is  not  regularly  the  case.  There  are,  more- 
over, unquestionably,  many  staphylococci  constantly  present  in  the  air, 
dust,  and  water,  which  although  morphologically  and  culturally  not 
unlike  the  pathogenically  important  species,  may  be  r^arded  as 
harmless  saprophytes. 

The  susceptibility  of  animals  to  staphylococcus  infection  '^s. 
likewise,  subject  to  extreme  variations,  depending  both  upon  differ 
ences  l)otween  species  and  upon  fortuitous  individual  differMiccs 
in  susceptibility  among  animals  within  the  same  species.  Animals 
on  the  whole  are  less  susceptible  to  staphylococcus  than  is  man. 
Among  the  ordinary  laboratory  animals,  rabbits  are  most  sus- 
ceptible   to    this   microorganism.      Mice,   and    especially    the   whit* 


'  DtxUmgchamps,  Paris,  1897. 
^Pauet,  Fort.  d.  M«l..  2  and  3.  1885. 
'Liibbert,  "Biol.  Unteranch.,"  Wtirabui^,  1886. 
•  Ahbott.  Medical  News,  Phiia.,  1886. 
•Framea,  Zeit.  f.  Hyg.,  1893. 
*Hand,  Beit.  t.  klin.  Chir.,  sivi 
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Japanese  mice,  show  considerable  susceptibility.  Guinea-pigs  possess 
a  relatively  higher  resistance.' 

Subcutaneous  or  intramuscular  inoculation  of  a  susceptible  animal 
usually  results  in  the  formation  of  a  localized  abscess  with  much  pus 
formation  and  eventual  recovery.  Intraperitoneal  inoculation  is  more 
often  fatal.  Intravenous  inoculation  of  doses  of  0.5  c.c,  or  more,  of 
fresh  broth  cultures  of  virulent  staphylococci  usually  leads  to  pyemia 
vith  the  production  of  secondary  abscesses,  located  chiefly  in  the  kid- 
neys and  the  heart  and  voluntary  muscles,  but  not  infrequently  in 
other  organs  as  well.  In  the  kidney  they  occur  as  small  foci,  situated 
ttvsl  often  in  the  cortex,  composed  of  a  central,  necrotic  pus  cavity, 
surrounded  by  a  zone  of  acute  inflammatory  exudation.  Staphylo- 
coccus lesions  form  histologically  the  typical  "acute  abscess."  Not 
infrequently  the  py<miic  ci>ndition  is  accompanied  by  suppurative 
lesions  in  the  joints.  Intravenous  injections  of  virulent  staphylococci 
preceded  by  injury  to  a  Nine  is  often  followed  by  the  development  of 
osteomyelitis.  Mechanical  or  chemical  injury  of  the  heart  valves 
preceding  intravascular  staphylococcus  inoculation  may  result  in 
localization  of  the  infection  on  Or  about  the  heart  valves,  leading 
to  "malignant  endocarditis."  The  pyemic  conditions  following  staphy- 
lococcus inoculation  usually  "lead  to  chronic  emaciation  and  death 
after  an  interval  dependent  upon  the  relative  virulence  of  the  micro- 
orgiuusm,  the  amount  injected,  and  the  resistance  of  the  infected 
subject.  Large  doses  of  unusually  virulent  cultures  cause  death  within 
twenty-four  hours,  or  even  lees,  without  abscess  formation. 

As  above  stated,  the  susceptibility  of  man  to  spontaneous  staphy- 
lococcus infection  is  decidedly  more  marked  than  is  that  of  animals. 
The  form  of  infection  most  frequently  observed  is  the  common  boil 
or  furuncte.  As  Garn^,'  Biidinger,'  Schimmelbusch,*  and  others  have 
demonstrated  by  experiments  upon  their  own  IxKlies,  energetic  rubbing 
of  the  skin  with  virulent  staphylococcus  cultures  may  often  be  followed 
by  the  development  of  a  furuncle.  Subcutaneous  inoculation  of  the 
human  subject  invariably  gives  rise  to  an  abscess.  The  pathological 
lesions  which  may  be  produced  in  man  by  virulent  staphylococci  are 
naturally  of  great  variety,  depending  upon  the  mode  of  inoculation,  and 

>  Terin,  it«r.  in  Lubarsch  und  OBt«rtag,  Ergebnisae,  1896;  LJTtgeldieim,  "A«tiol. 
A.  Staph.  Inf.,"  etc.,  Wien.  1900. 

'Garrt  Beit.  z.  klin.  Chir.,  x,  1893. 

'  Budiagtr.  Lubarsch  und  Oatertag.  Ergebniiwe,  etc..  1896. 

' Schimmflbuscli ,  Ref.  by  Bfidinger. 
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upoa  the  relation  between  the  virulence  of  the  incitant  and  the  resist- 
ance of  the  subject.  Apart  from  the  formation  of  localiised  abscesses, 
staphylococci  are  common  as  the  incitants  of  surgical  suppurations 
and  wound  infections.  The  large  majority  of  acute  suppurative  in- 
flammations of  bone  (osteomyelitis)  are  caused  by  staphylococci.  Ab- 
scesses of  the  brain,  of  the  liver,  and  of  the  lung  may  be  due  to  thU 
microorganism.  It  may  give  rise  to  ascending  infections  of  the  genilo- 
urinary  tract,  leading  to  pyelonephritis.  Empyema  or  perilonitis  may 
be  caused  by  ita  entrance  into  the  serous  cavities  from  the  lung  or 
Iwwel.  When  gaining  access  to  the  circulation  from  some  localiied 
focus,  it  gives  rise  to  septicemia  and  may  lead  to  malignant  endocarditis 
and,  by  secondary  locaUzation  in  the  viscera,  to  general  pyemia.  As 
the  incitant  of  septicemia  it  can  frequently  l>e  found  by  blood  cuhure 
during  the  life  of  the  patient.  Puerperal  sepsis  is  not  infrequently  a 
staphylococcus  disease.  Of  recent  years  several  authors  have  claimed 
direct  etiological  relationship  for  the  Staphyloc<)Ccus  pyogenes  aureus 
with  acute  articular  rheumatism.'  While  not  unlikely,  this  claim  i* 
not,  at  present,  substantiated  by  sufficiently  exact  evidence. 

Apart  from  the  local  inflarar.iatory  reactions  called  forth  by 
staphylococcus  invasion,  all  such  infections,  if  severe  or  prolonged. 
give  rise  to  profound  toxic  manifestations  evidenced  by  characleii*- 
tically  irregular  temperature  (the  so-<:alled  "septic  type"),  by  head- 
ache, nausea,  and  general  malaise,  and  not  infrequently  by  chill:-. 
Prolonged  chronic  infection  with  staphylococci  may  give  rise  to  the 
so-called  amyloid  changes  in  liver,  spleen,  and  kidneys. 

Tojdc  ProductB.— ff/M/tf/oj-fw.'i.— The  dead  botlies  of  ataphylocoei i 
injected  into  animals  may  occasionally  give  rise  to  abscess  formation. 
and,'  if  in  suffirient  quantity,  may  cause  death.  To  obtain  the  laticr 
result,  however,  large  quantities  are  necessary,  the  endotoxlc'subslanrej 
within  the  dead  cell  body  of  the.se  microorganisms  Iteing  probably  neither 
very  poisonous  n<)r  abundant.' 

;ad  cultures  of  ytaphylococcus  aureus  exert  a  strong  positive 

I  for  leucocytes  was  shown  beyond  question  by  the  experi- 

orissow.' 

sins.— In    1900    Kraus'  notice<l   the   hemolytic    action  of 

'/.  Weill.  InBug.-Djsa.,  Berlin,  1901. 

lUenfroh,  Arcli.  f.  Hyg.,  xiii.  1887. 

.ingfia^m,  "  Actiol.  ii.  Tlierap.  <l.  Slaph.  Kmnk.,"  Wien,  1900. 

issoiD  Zieglers  B<-ilr.,  svi,  1S94. 

:u«,  Wien.  klin.  Woch.,  iii,  1900. 
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staphylococci  growing  upon  blood-agar  plate  cultures.  Neisser  and 
Wechsberg'  then  showed  that  this  hemolytic  substance,  sccretedby the 
staphylococcus,  could  be  demonstrated  in  filtrates  of  bouillon  culjurea. 
Such  hemolysins  are  produced  by  Staphylococcus  aureus,  and,  t-o  a. 
lesser  degree,  by  Staphylococcus  albus.  The  quantity  produced  varies 
enormously  with  different  strains  and  seems  to  be  roughly  proportionate 
to  the  virulence  of  the  particular  microorganism,  though  exceptiohs  to 
this  rule  are  not  uncommon.  Absolutely  avirulent  races  do  not,  so 
far  as  we  know,  produce  hemolysins.  The  culture  medium  most  favor- 
able to  the  formation  of  these  substances  is,  accor<ling  to  Neisser  and 
Wechsberg,  a  moderately  alkaline  beef  bouillon.  Cultivated  at  37,5°  C, 
the  bouillon  contains  the-maximum  amount  of  hemolytic  substance  be- 
tween the  eighth  and  fourteenth  day,  and  this  may  be  separated  from 
the  bacteria  by  filtration  through  Berkcfcld  or  Chamberland  filters. 

The  hemolytic  action  may  be  obsei-ved  by  the  general  technique  for 
determining  hemoIyHis  (given  on  page  259).  It  is  important  to  wash 
the  red  blood  corpuscles  used  for  the  experiments,  since  many  animals 
normally  possess  small  quantities  of  a nti hemolysin  in  their  blood-sera 
(man  and  horse  especially).*  The  red  blood  corpuscles  of  rabbits,  dogs, 
and  guinea-pigs  arc  extremely  susceptible  to  the  action  of  the  staphylo- 
hemblysin.  Those  of  man  are  less  easily  injured  by  it.  The  hemolytic 
action  takes  place,  as  Todd*  and  others*  have  shown,  not  only  in 
vitro,  but  in  the  living  animal  as  well. 

The  staphylo-hemolysin  is  comparatively  thermolabile.  According 
to  Neisser  and  Wechsberg,  heating  it  to  56°  C  for  twenty  minutes  de- 
stroys it.  According  to  some  other  authors,  however,  higher  tempera- 
tures (00°  to  80°  C.)  are  required.  Reactivation  of  a  de-stroyedstaphylo- 
hemolysin  has  so  far  been  unsuccessful.  The  fa<;t  that  antistaphylolysin 
is  occfuHonally  present  in  normal  sera  ha-s  been  mentioned  above.  This 
antibody  is  most  abundant  in  the  blood  of  horses  and  of  man.  Arti- 
ficially antiataphylolysin  formation  is  easily  induced  by  subcutaneous 
inocidation  of  staphylolysin  into  rabbits. 

tcMCocw/in.— In  1894,  Van  de  Velde^  discovered  that  the  pleural 
exudate  of  rabbits  following  the  injection  of  virulent  staphylococci 
showed  marked  evidences  of  leucocyte  destruction.     He   was  subee- 

I  Nrrisser  imd  Weckdierg.  Zeit.  f.  Hyg.,  xxxvi,  190L 

'Neisser,  Deut.  med.  Woch..  1900. 

» Todd,  Trans.  London  Path.  Soc.,  1902. 

'Kraus,  Wien.  kliii.  Woch..  1902. 

»  Van  de  Vdde,  La  OeUule,  i,  1894 
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qucntly  able  to  show  thut  the  Hubstaiuo  causing  tlio  death  and  partial 
ijolution  of  the  leucocytes  was  a  soluble  toxin  formed  by  the  staphylo- 
cix-cus,  not  only  in  viro,  but  m  vitro  as  well;  for  cultures  of  Staphylo- 
rorcus  pyogenes  nureiw,  grown  in  mixtures  of  iwuillon  and  blood 
Hcrum,  containe<l,  within  forty-eight  hours,  marked  quantities  of  thii 
"leucociifin." 

Other  workers  since  Van  de  Velde  have  evolved  various  methods  for 
obtaining  potent  leucocidin.  BaiP  obtained  it  by  growing  virulent 
stapliylocoecua  in  mixtures  of  oni'-per-cent  glycerin  solutions  and  rah- 
b't  scrum.  N'eisser  and  Wechslx'rg'  advise  the  use  of  a  carefully  titrated 
alkaline  bouillon.  To  obtain  the  leucocidin  five  from  bacteria,  the 
cultures  are  passed  through  Chamberland  or  Bcrkefeld  filters,  after 
about  eight  to  cloven  days'  growth  at37°C.,  at  which  time  the  con- 
l  'nts  in  leucocidin  are  usually  at  their  highest  point. 

The  action  of  leucocidin  upon  leucocytes  may  be  observed  in  riro 
by  the  simple  methwl  of  \'an  de  Velde,  of  injecting  virulent  staphyto- 
e.)cci  intrapleurally  into  rabbits  and  examining  the  exudate.  Hail 
ailvises  the  production  of  leucocytic  intrapleural  exudatps  by  the  use 
of  aleuronat  anil  following  this  after  twenty-four  hours  by  an  injection 
ijf  I'ucocidin-filtrate.  In  rilro  the  phenomenon  may  be  ohsen-cil  by 
dlr.'ct  examination  of  nnxtui'es  of  leucocytes  and  leucocidin  in  the 
banning  drop  on  a  warmtid  stage,  or  by  the  " metlij-lene-blue  melhod' 
t.f  Neisser  and  Wechftberg.  This  method  i.i  baseti  upon  the  fact  that 
living  leucocytes  will  reduce  methylene-blue  solutions  and  render  them 
colorless,  while  dead  leucocytvs  have  lost*  this  power,  Ix'ueocidin  awl 
hrucocytes  an'  allowed  to  ii>m»in  in  contact  for  a  given  time  and  to  them 
is  th<m  added  an  exti-eniely  dilute  sohiticm  of  methylene-bhie.  If  the 
leucocytes  have  be<'n  actively  at  I  iicked  by  leucocidin,  no  reduction  takes 
place.     This  method  is  particidarly  adapterl  for  quantitative  tests. 

All  staphylococcus  strains  do  not  produce  leucocidin  to  the  samp 
degree.  Alm<)Mt  tdl  tiiK;  Staphylococcus  pyogenes  aureus  cultures 
produce  some  of  this  toxin,  but  one  strain  may  produce  fifty-  and  a 
humlred-foid  the  quantity  produced  by  another.  Staphylocoecua 
pyogenes  albus  gives  rise  to  this  substance  but  raix-ly,  and  then  in  small 
quantity. 

leucocidin  seems  tr)  he  similar  to  the  soluble  toxins  of  other  bacteria. 
It  is  rapidly  destroy.^1  by  heat  at  r,s°c.,  and  deteriorates  quickly  in 


'.  Arch,  f,  MyR..  \xxii.  I8!»«. 

sm-mi.l  nVr/,^»Ti,,  Z,.it.  t.  )Iyg.,.xxxvi.  1901. 
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culture  fluids  at  incubator  tempcraturre.  It  is  distinct  from  staphylo- 
hemolysin  as  shown  by  differences  in  thermoatability. 

Soon  after  Van  do  Vcldc's  discovery  of  Icucocidin,  Denys  and  Van 
de  Velde '  produced  an  antileucocidin  by  troatinf;  rabl)itH  with  pleural 
exudate  contmning  Icucocidin.  Neiaser  and  Weelisix't^  *  latiT  confirmed 
tiiese  results  and  showed  that  among  ijtaphylocucci,  leucovidin  is  not 
Bpeciflc,  the  toxin  of  all  strains  of  Staphylococcus  aureus  and  albus 
examined  being  ncutralizable  by  the  same  antileucocidin. .  Antileuco- 
cidin is  often  found  in  the  normal  sera  of  horses  and  man.* 

Lcucocidin  should  not  be  confounded  with  "  leucotoxin,"  a  substance 
obtained  in  serum  by  treatment  of  animals  with  leucocytes,  a  true, 
"cytotoxin,"  having  no  connection  whatever  with  the  staphylococcus. 

Staphylococci,  Ix-sidos  the  toxic  substivnces  alreiidy  mentioned,  give 
rise  to  gelatinase,  spoken  of  in  the  section  upon  cultivation,  and  to  a 
proteolytic  ferment  by  means  of  which  albuminous  media  (Loeffler's 
serum)  may  be  slightly  digested. 

Immunization. — Animals  can  Ix)  rendered  actively  immune  by  re- 
p:'3ted  inoculations  with  carefully  i^radod  doses  of  living  or  dead  staphy- 
lococcus cultures.*  The  production  of  antistaphyioiysin  and  of  anti- 
leucocidin in  the  sera  of  animals  so  treated,  has  been  alluded  to  in  the 
precedii^  sections.  The  sera  of  such  actively  immunized  animals 
possess  distinct  protective  power  when  administered  to  other  animals, 
slightly  before  or  at  the  same  time  with  an  inoculation  of  staphylo- 
cocci. They  do  not,  however,  exhibit  very  high  bactericidal  power  in 
ptiro,  the  protective  properties  depending  probably  entirely  upon  their 
opsonic  contents.' 

Agglutinins  have  been  demonstrated  in  staphylococcus  immune  sera 
by  a  number  of  authors,  and  have  tx^n  of  some  slight  value  in  diff<T- 
eotiating  Iwtween  the  several  groups  of  staphylococci.'  A  rather  sur- 
prising result  of  these  researches  luis  Ix-en  the  recognition  that  immune 
Bera  obtwned  with  pathogenic  staphylococci  will  a^lutinatc  other 
pathogenic  staphylococci,  whether  Ix^longing  to  the  group  of  Staphy- 
locoGcus  pyogenes  aureus  or  that  of  Staphylococcus  pyogenes  albus, 

>  Denyg  et  Van  de  VeUe,  1a  CeUuIe,  id,  1895. 

»  Van  de  Vetde,  Prceac  m&licale,  i,  1900. 

*  Riehet  et  HericmiTl,  Compt.  rend,  de  I'acad.  dea  sci.,  cvii,  1888. 
'  KoUe  und  Otto,  Zeit.  f.  Hyg.,  xU,  1902. 

•Proscfter,  Cent.  f.  Bakt,,  xxxiv,   1903;  v.  lAngdnheim,  "Aetiol.  U,  Therap.  d. 
Staphyl.,"  etc.,  Wicn,  1900. 
22 
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but  will   not    agglutinate  any  of  the    non-pathogenic    members    of 
either  group. ' 

Active  immunization  of  human  beings  suffering  from  staphylococcus 
infections  has  been  extensivi^ly  practiced  by  Wright,  in  connection  with 
his  work  on  opsonins.  There  can  be  no  question  about  the  fact  that  the 
opsonic  substances  in  the  blood  arc  increased  by  the  injection  of  dead 
staphylococci.  The  procedure  is  of  therapeutic  value  In  subacute  and 
chronic  cases.  The  work  of  Hias  on  the  use  of  leucocyte  extracts  in 
animals  infected  with  Staphylococcus  pyogenes  aureus  has  given  en-' 
couragcnient  for  such  treatment  in  human  beings.  A  number  of 
staphylococcus  infections  in  man  have  been  successfully  treated  with 
leucocyte  extract  by  Hiss  and  Zinsser. 

STAPHTLOOOCOUS  PTOOXNKS  ALBU8 

This  coccus  differs  from  Stapliyiococcns  pyogenes  aureus  simply  in 
the  absence  of  the  golden  yellow  coloration  of  its  cultures.  Morpho- 
logically, culturally,  and  pathogenic  ally,  it  is  in  eveiy  way  identical 
with  the  staphylococcus  descril)ed  in  the  preceding  secliou,  but  itjt 
toxin-  and  enzyme-producing  powers  in  general  are  less  devc!ope<l  than 
thase  of  the  aureus  variety.  -  Its  close  biological  relationship  to  aureus 
is  furthermore  demonstrated  by  its  agglutination  in  Staphylococcus 
pyogenes  aureus  immune  sera. 

STAPHTLOOOOCUS  EPIDERHIDIS  ALBUfl 

The  Staphylococcus  epidcmiidis  albus  described  by  Welch  is  merriy 
one  of  the  non-pathogenic  varieties  of  Htaphylocroccus  pyogenes  albus 
and  possibly  does  n<it  <leserve  separate  classification.  It  may  give  rise 
to  unimportant  stitch  abscesses. 

8TAPHTL0C000US  PTOOENSS  0ITREU8 


Staphylococcus  pyogenes  citreus  produces  a  bright  yellow  or  lemoa- 
rolored  pigment  of  distinctly  different  hue  from  that  of  Staphylococcus 
pyogenes  aureus.  It  may  be  pyogenic  and  in  everj'  way  similar  to 
Staphylococcus  pyogenes  aureus,  but  is  less  often  found  in  con- 
nection with  patholc^cal  lesions  than  either  of  the  preceding  staphy- 
lococci. 


'  ProachtT,  Deiit.  med.  Woch,,  xi,  1903, 
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A  large  number  of  staphylococci,  differing  from  those  described 
above  in  one  or  another  detail,  have  been  observed.  They  are  of  com- 
mon occurrence  and  are  met  with  cliiefly  as  contaminations  in  the  course 
of  bacteriological  work.  Few  of  these  have  any  pathological  significance 
and  none  of  them  are  toxin-producers,  so  far  as  we  know.  Many  of  them 
differ,  furthermore,  in  their  inability  to  liquefy  gelatin.  All  of  them 
belong  more  strictly  to  the  field  of  botany  than  to  that  of  patho- 
logical bacteriology. 

Atypical  pathogenic  staphylococci  have  been  described  by  a  number 
of  observers.  Thus  Weichselbaum '  isolated  a  staphylococcus  from  a 
case  of  malignant  endocarditis  which  could  not  lie  cultivated  at  room 
temperature,  and  grew  only  in  very  delicate  colonies,  Veillon,^  moreover, 
has  described  a  strictly  anaerobic  staphylococcus  cultivated  from  the 
pus  of  an  intra-abdominal  abscess. 


HIOROOOOOUS  TETRAaBNUS 

In  1881,  Gaffky '  discovered  a  micrococcus  which  occurs  regularly 
in  groups  of  four  or  tetrad.'i.  He  first  isolated  it  from  the  pus  discharged 
by  tuberculous  patient.^  with  pulmonary  lesions.  Observed  in  smear 
preparations  from  pus,  the  tetra<ls  aro  slightly  larger  in  size  than  the 
ordinary  staphylococcus,  flattened  along  their  adjacent  surfaces,  and 
surrounded  by  a  thick  halo-like  capsule.  Preparations  from  cultures 
often  lack  these  capsules.  The  micrococcus  is  easily  stained  by  the 
usual  basic  nnilin  dyes.  Stained  by  Gram's  method,  it  is  not  decolor- 
ized, retaining  the  gentian-violet. 

ColtiTation. — Micrococcus  tetragenus  grows  on  the  ordinary  labora- 
tory media,  showing  a  rather  more  delicate  growth  than  do  the  staphy- 
lococci. 

On  agar,  the  colonies  are  at  first  transparent,  later  they  become 
grayish-white,  but  are  always  more  trans)>arent  than  are  staphylococcus 
cultures. 

On  gelatin,  growth  is  rather  slow  anil  no  liquefaction  takes  place. 

Broth  is  evenly  clouded. 

On  potato  there  is  a  white,  moist  growth  which  shows  a  tendency  to 
confluence. 

'  Weirhselbaum,  Baumsarttn  Jaliresb.,  ISOfl,  Rff. 
'  Veiilon.  Compt.  rend.  bog.  de  biol.,  189:). 
'Oaffky,  UitttiL  a.  d.  kaia.  Gesundheitaamt.  i,  ISSl. 
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Milk  is  coagulated  and  litmus  milk  indicates  acid  formation. 

PatbocenlcitT- — Micrococcus  tetragenus  is  especially  patiogoiic 
for  Japanese  mice,  which  succumb  within  three  or  four  days  to  subcuta- 
neous inoculation.*  Gray  mice,  rats,  guiuearpigs,  and  rabbits  are  less 
Busceptible,  showing  only  a  localized  reaction  at  the  point  of  inoculation. 


Flo.  71. — Micrococcus  TETHAUENra,     (In  spleen  of  infected  mouse.) 

The  organism  has  occasionally  bocn  isolated  fn>m  spontaneous  a 
observed  in  domestic  animals. 

In  man,  this  microorganism  is  usually  found  without  any  particular 
pathogenic  significance,  in  sputum  or  saliva.  In  isolated  cases,  how- 
ever, it  has  been  described  as  the  sole  incitant  of  abscesses. 

Bezan^on  ^  has  isolated  Micrococcus  tt'tragenus  from  a  case  of  mauD- 
gitis.  A  single  case  of  tetragenus  septicemia  is  on  record,  reported  in 
1905  by  Forneaca.' 

In  America,  this  microorganism  has  not  been  frequently  observed  in 
connection  with  disease.  It  is  often  found,  however,  in  considerable 
numbers,  in  smears  of  sputum  which  are  being  examinerl  for  pneumo 
cocci  or  tutiercle  bacilli. 

>  Mailer,  Wien.  klin.  Woch.,  17,  190*. 
■  Beeancon,  Semiune  laM.,  1898. 
»  Fome<Ka,  Rif.  med.,  1903. 
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THE  STREPTOC(XX;i 

Among  the  pyogenic  cocci,  there  is  a  large  and  important  group  of 
organisms  wliich  multiply  by  division  in  one  plane  of  space  only,  and 
thus  give  rise  to  appearances  not  unlike  chains  or  strings  <if  l>eads. 
The  term  streptococcus  or  chain-coccus  is,  therefore,  a  purely  morpho- 
logical one  which  includes  within  its  limits  microorganisms  which  may 
differ  from  each  other  considerably,  both  as  to  cultuial  ami  pathogenic 
properties.  Thus,  cocci  which  form  chains  may  be  isolated  from  water, 
milk,  dust,  and  the  feces  of  animals  and  man.  These  may  have  little 
but  their  morphological  appearance  in  common  with  the  pyogenic 
streptococci  which  are  so  important  as  the  incitants  of  disease.  The 
iotecre'ationship  l>etwecii  streptococci  from  different  sources,  how- 
ever, is  by  no  means  fully  imderstood,  and  we  are  forced  at  present  to 
content  ourselves  with  the  recognition  of  a  large  morphological  group, 
in  no  individual  case  taking  the  pathogenic  or  more  special  cultural 
characteristics  for  granted. 

STREPTOOOOOnS   PTOaKNBS 

Of  paramount  importance  among  the  streptococci  are  those  which 
possess  the  power  of  giving  rise  to  di.sease  procreaacs  in  animals  and  in 
man,  and  which,  bccau.se  of  their  frotjuent  a.-sHociation  with  suppura- 
tive inflammations,  are  roughly  grouped  under  the  heading  of  Strep- 
iococcus  pijoijenes. 

The  same  researches  upon  surgical  infections  which  led  to  the  dis- 
covery of  the  staphylococci,  laid  the  basis  for  our  knowledge  of  the 
Bireptococci.  The  fundamental  studies  of  1'a.steur  and  Koch'  were  fo!- 
loweti,  in  IS81,  by  the  work  of  Ogst^in,*  who  was  the  first  to 
differentiate  between  the  irregularly  grouped  staphylococci  and  the 
chain-cocci. 

^  Koek,  "  Untcrauch.  fiber  WunUinfektion,"  etc.,  1878. 
'Ogitan,  Brit.  Med.  Jour..  1881. 
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Pure  cultures  of  streptococci  were  first  obtained  by  Fehleisen*  in  1883 
and  by  Rosenbach'  in  1K84.  The  thorough  and  systematic  researches  of 
the  Inatrnamed  authors,  together  with  those  of  Paaaet,*  were  of  special 
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Fia.  72. — Stbeptococcuh  pyckienes. 

influence  in  ph»ciiig  our  linwwledge  of  the  pathogenic  properties    of 
streptococci  U|ion  a  scieutific  basis. 

Hoipliologj  «nd  Staining. — The  indivi<lual  streptococcus  is  a  spherical 
microorganism  measuring  from  0.5  micron  t<>  1  micron  in  diameter. 
Since  the  line  nf  cleavage  of  cocci,  when  in  chains,  is  perpendicular  to  the 

I  Fchleisen,  "  Aeliol.  d.  Eryaiiwlas,"  Berlin,  1883. 

'  RoMmbock.  "  Mikroorg.  bei  Wiindinfpklion,"  clc.,  WicKbmlpn,  1884. 

'Paserl,  "  UuUirBUch.  iiber  die  eitrigcn  Phlegm,,"  etc.,  Borlia,  1SS5. 
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long  axis  of  the  chaio,  adjacent  cocci  often  show  slight  flattening  of  the 
contiguous  surfaces,  forming,  as  it  were,  a  series  of  diplococci  arranged 
end  to  end.  As  a  general  rule  the  streptococci  pathogenic  for  man, 
when  grown  upon  favorable  mc(ha,  have  a  tendency  to  form  chains 
made  up  of  at  least  eight  or  more  individuals,  while  the  more  saprophy- 
tic, less  pathogenic  varieties  are  apt  to  be  unit«d  In  shorter  groups. 
Upon  this  basis  a  rough  morphologlcnl  distinction  has  been  made  by  v. 
Lingelsheim,*  who  first  employed  the  terms  Streptococcus  "longus" 
and  "brevls."  A  differentiation  of  this  kind  can  hardly  be  re- 
lied upon,  however,  since  the  length  of  chains  Is  to  some  degree  de- 
pendent upon  cultural  and  other  environmental  conditions.  Species 
which  exhibit  long  and  tortuous  chains,  when  grown  \ipon  suitably 
alkaline  bouillon,  or  ascitic  broth,  may  appear  in  short  groups  of  three  or 
four,  or  even  in  the  dipio  form,  when  cultivated  upon  solid  media  or 
unfavorable  flui<l  media.  Stained  specimens  often  show  swelling  and 
enlargement  of  individual  cocci,  giving  the  chains  an  Irregularly  beaded 
appearance.  These  swollen  individuals  are  probably  to  be  interpreted  as 
involution  forms  and  are  seen  with  especial  frequency  in  old  cultures. 
Streptococci  do  not  form  spores,  are  non-motile,  and  do  not  possess 
flagella.  There  can  Iw  no' doubt  that  certain  species  of  true  streptococci 
may  possess  capsules,  though  these  are  not  so  regularly  demonstrable 
and  are  more  delicately  dependent  upon  cultural  conditions  than  are  the 
capsules  of  the  pneumococci.'  The  capsulated  streptococci  will  be  dis- 
cussed more  comprehensively  in  the  section  upon  the  differentiation  of 
pneumococcus  from  streptococcus  (page  367). 

Streptococci  are  easily  stained  by  the  usual  anilln  dyes.  Stained 
by  the  method  of  Gram,  thn  pyogenic  streptococci  are  not  tlerolorized 
and  invariably  retain  the  gentian- violet:  Certain  species  found  in  stools 
and  describetl  as  Gram- negative,  are  rare  and  arc  non-pathogenic. 
Others  of  the  "Streptococcus  brcvis"  variety,  and  purely  saprophytic, 
may  stain  irregularly  by  the  Gram  method. 

Onltivation. — ^The  pyogenic  streptococci  arc  easily  cultivated  upon 
alt  the  richer  artificial  media.  While  meat  extract-pepton  media  may 
suffice  for  certain  strains,  it  is  usually  Ijcttor  to  employ  thow 
media  which  have  the  beef  or  veal  infusion  for  a  basis.  For  the 
cultivation  of  more  delicate  strains  of  streptococci,  especially  when 


1 V.  LiTigdtheim,  "  Aetiol.  u.  Therap.  d.  Streptok,  Intefc."  Beit.  i.  Exp.  Ther., 
Hft.  1,  1899. 

>  Pat^uaU,  Zie^rs  Beit.,  xii;  Bordet,  Ann.  de  I'inat.  Pasteur,  18S7;  SchoUmnUa; 
MQnch-  ined.  Woch.,  xx,  1903;   Hiaa,  Jour.  Exp.  MeJ.,  vi,  1905. 
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taken  directly  from  the  animal  or  human  body,  it  is  well  to  add  to  the 
media  animal  albumin  in  the  form  of  whole  blood,  blood  serum,  or  asc-i- 
tic  or  pleural  transudates.  Glucose,  added  in  proportions  of  one  to  two 
per  cent,  likewise  renders  media  more  favorable  for  streptococcus  culti- 
vation. Prolonged  cultivation  of  all  races  upon  artificial  media  renders 
them  le,s8  fa.stidious  as  to  cultural  requirements.  The  moat  favorable 
reaction  of  media  for  streptococcus  cultivation  is  moderate  alkalinity 
(two-tenths  to  fivc-t«nths  per  cent  alkalinity  to  phenolphthalein). 
Growth  may  be  readily  obtained,  however,  in  neutral  media  or  even  in 
those  slightly  acid.  The  optimum  temperature  for  growth  is  at  or  about 
37.5°  C.  .4bovc  43°  to  -lo^C,  development  ceases.  At  from  15"  to 
2()°  C,  growth,  while  not  energetic,  still  takes  place,  an  important  point 
in  the  differentiation  of  these  microorganisms  from  pneuraococci.  While 
the  free  access  of  oxygen  furnishes  the  moat  suitable  environment 
for  most  races  of  streptococci,  complete  anaerobiosis  does  not  pre- 
vent development  in  favorable  media.  Strictly  anaerobic  streptococci 
have  been  cultivated  from  the  human  intestinal  tract  by  Perronc'  and 
others. 

In  alkaline  bouillon  at  37.5°  C,  pyogenic  streptococci  grow  rapidly, 
form  long  and  tortuous  chains,  and  have  a  tendency  to  form  flakes  which 
rapidly  sink  to  the  bottom.  Diffuse  cloiKling  occurs  rarely  and  ia  a 
characteristic  rather  of  the  shorter  so-called  Streptococcus  brevU. 
When  sugar  has  been  added  to  the  broth  the  rapid  formation  of  lactic 
acid  soon  interferes  with  extensive  development.  This  may  be  obviated, 
especially  when  mass  cultures  are  desired,  without  sacrifice  of  the  growth- 
increasing  influence  of  the  glucose,  by  adding  to  the  sugar-broth  one  per 
cent  of  sterile  powdered  CaCO,.'  , 

In  milk,  Streptococcus  pyogenes  grows  readily  with  the  formatioD 
of  acid,  followed,  in  most  cases,  by  coagulation  of  the  medium. 

On  agar-plates  at  37. 5"  C,  growth  appears  within  eighteen  to  twenty- 
four  hours.  The  colonics  arc  small,  grayish,  and  delicately  opalescent. 
They  are  round  with  smooth  or  very  slightly  corrugated  or  lace-like 
edges,  and  rise  from  the  surface  of  the  medium  in  regular  arcs,  like 
small  droplets  of  fluid.  Microscopically  they  appear  finely  granular  and 
occasionally,  under  high  magnification,  may  be  seen  to  be  composed  of 
long  intertwining  loops  of  streptococcus  chains,  which  form  the  lace-like 
edges.  When  iwcitic  fluid  or  blomi  serum  has  been  added  to  agar, 
growth  is  more  energetic  and  the  colonics  correspondingly  more  rapid  in 

'  PfTTone,  Ann.  de  Tinst.  Pimteur,  xix,  1905. 
'Hiw,  Jour.  Exp,  Med.,  vi,  1905. 
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appearance  and  luxuriant  in  development.  In  glucose-ascitic-agar, 
acid  formation  from  the  sugar  causes  coagulation  of  albumin  with 
the  consequent  formation  of  flaky  white  precipitates  throughout  the 
medium.' 

In  gelatin  stab-cultures  growth  takes  place  slowly,  appearing  after 
twenty-four  to  thirty-six  hours  as  a  very  thin  white  line,  or  as  discon- 
nected little  spheres  along  the  line  of  the 
stab.  The  colonies  on  gelatin  platps  are 
similar  in  form  to  those  on  agar,  but  are 
usually  more  opaque  and  more  distinctly 
white.  The  gelatin  is  not  liquefied  by  the 
pyogenic  streptococci,  though  certain  of 
the  more  saprophytic  forms  may  occa- 
sionally bring  about  slow  fluidification. 

On  LoefHer's  coagulated  blood  serum, 
growth  is  rapid  and  luxuriant,  and  may 
show  a  slight  tendency  to  confluence  if 
the  medium  is  very  moist.  Good  chain 
formation  takes  place  on  this  medium, 

Upon  potatoes,  growth  is  said  not  to 
take  place.' 

On  media  containing  red  blood  cells, 
most  pathogenic  streptococci  cause  hemolysis  and  decolorization  (see 
Fig.  74,  p.  345).  It  is  useful  to  remember  this  when  examining 
blood-culture  plates,  for  here  the  yellow  transparent  halo  of  hemo- 
lysis and  decolorization  surrounding  the  colonies  may  aid  in  differenti- 
ating these  bacteria  from  pneumococci.  This  is  of  especial  importance, 
MDce  many  streptococci,  when  cultivated  directly  out  of  the  human 
Wood,  do  not  exhibit  chain  formation,  but  appear  as  diplococci. 

In  the  inulin-serum  media  of  Hiss,*  streptococci  do  not  produce 
acid  and  coagulation.  The  so-called  Streptococcus  mucosus,  a  capsule- 
l)earing,  in ul in-fermenting  microorganism,  is  very  probably  a  sub-species 
of  the  pneumococcus  (see  later  section). 

Bttistance. — Streptococci  on  the  ordinary  culture  media,  without 
transplantation  and  kept  at  room  temperature,  u-sually  die  out  within 
ten  days  or  two  weeks.  They  may  be  kept  alive  for  much  longer  periods 
by  the  use  of  the  calcium-carbonate-glucose  bouillon,  if  the  cultures  are 

'  Libman,  Medical  K™or(i,  Ivii,  1900. 

'  Frosck  und  Kolie.  in  Flii^e,  "Die  Mikroorganismen,"  1891. 

'HUs,  Jour.  Exp.  Med.,  vi,  1905. 
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thoroughly  shaken  and  the  powdered  marble  thoroughly  mixed  with 
the  bouillon  from  time  to  time.'  Preservation  at  low  temperatures 
(1°  to  2°C.)j  in  the  ice  chest,  considerably  prolongs  the  life  of  cul- 
tures. Virulence  is  preserved  longest  by  frequent  transplantation 
upon  albuminous  media.  In  sputum  or  animal  excreta,  streptococei 
may  remain  alive  for  several  weeks. 

Streptococci  are  killed  by  exposure  to  a  temperature  of  54°  C .  for 
ten  minutes.'  Low  temperatures,  and  even  freezing,  do  not  destroy  some 
races. 

The  action  of  various  chemical  disinfectants  has  been  thoroughly 
investigated  by  v.  Lingelsheim,'  who  reports  among  others  the  following 
results:  Carbolic  acid  1  :  200  kills  streptococci  in  fifteen  min\ites.  In 
the  same  time,  bichloride  of  mercury  is  efficient  in  a  dilution  of  1  :  1,500, 
lysol  in  a  dilution  of  1  :  200,  peroxide  of  hydri^en  1  :  35,  sulphuric  acid 
1:150,  and  hydrochloric  acid  1  :  150.  Inhibition  is  exerted  by  car- 
bolic acid  1  :  550,  and  by  bichloride  of  mercury  1  :  65,000.  Exposure 
to  direct  sunlight  kills  streptococci  in  a  few  hours. 

Virulence  and  Pathof^eniclty. — Different  races  of  pyogenic  strepto- 
cocci show  considerable  variatioiis  in  virulence,  and  there  are  few  organ- 
isms, pathogenic  both  for  animals  and  man,  which  show  such  peculiari- 
ties in  virulence.  The  character  or  severity  of  the  lesion  in  man  gives 
little  evidence  as  to  the  virulence  of  the  oi^anism  for  animals.  Such 
differences  are,  to  a  certain  extent,  dependent  upon  inherent  individual 
characteristics,  but  are  rather  more  likely  to  be  the  consequences  of  pre- 
vious environment  or  habitat.  Prolonged  cultivation  upon  artificial 
media  usually  results  in  the  reduction  of  the  virulence  of  a  streptococcus, 
while  an  originally  low  or  retluccd  virulence  may  often  be  much  en- 
hanced by  repeated  pa-s-sage  of  the  streptococei  through  animals.  It  is 
noteworthy,  however,  that  while  the  passage  of  a  streptococcus  through 
rabbits  will  usually  enhance  its  virulence  for  susceptible  animals  in 
general,  repeated  passages  through  mice  may  increase  the  virulence 
for  these  animals  only,  even  occasionally  depressii^  the  virulence 
for  rabbits,' 

Among  the  domestic  animals,  those  most  susceptible  to  experimental 
streptococc\is  infection  are  white  mice  and  rabbits.     Guinea-pigs  and 

'  Iliis,  toe.  cit. 

^Skmherg,  "Tpxtbook  of  Bant,"  2d  ed.,  1901;  HaHnumn,  Arch.  t.  Hyg.,  vii. 
'v.  Liiigcliiheim,   "Aetiol,   u.  Therap.  d.  Streptoc.  Inf.,"  etc.,  Beit.   i.  Exper. 
Therap.,  Hft.  1,  1896. 

'  Knorr,  Zeit.  t.  Hyg-.  xiu. 
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nts  are  less  easily  infected,  and  the  latter  domestic  animals,  cattle, 
horses,  goats,  cats,  and  d(^,  are  extremely  refractory.  Almost  complete 
immunity  toward  streptococcius  infections  prevails  among  birds. 

The  nature  of  the  lesions  following  animal  inoculation  depends  upon 
the  manner  of  inoculation,  the  size  of  the  dose  given,  and  most  of  all 
upon  the  grade  of  virulence  of  the  inoculated  germ.  Subcutaneous 
inoculations,  according  to  the  virulence  of  the  inoculated  material,  may 
result  in  a  simple  localized  abscess,  differing  from  a  staphylococcus 
abscess  only  in  the  more  serous  nature  of  the  exudate  and  the  frequent 
occurrence  of  edema,  or  in  a  severe  general  septicemia  with  a  hardly 
noticeable  local  lesion.  Subcutaneous  inoculation  of  mice  results  almost 
invariably  in  general  sepsis  followed  by  death  within  thirty-six  to  forty- 
oght  hours,  or  less,  and  the  presence  of  streptococci  in  the  heart's  blood- 
and  the  viscera.  Intrapleural  or  intraperitoneal  inoculation  of  suscep- 
tible animals  with  virulent  streptococci  leads  usually  to  a  peculiarly 
hmiorrhagic  form  of  exudate,  due  both  to  the  diapcdesis  caused  by  the 
riolent  inflanuuatory  process,  and  to  the  hemolysis  of  the  red  cells  by  the 
streptococcic  hemolysins.  Inoculation  of  rabbits  at  the  base  of  the  ear 
with  virulent  streptococci  may  result  in  the  formation  of  a  lesion 
indietinguishable  histologically  from  erysipelas  in  man.'  Marbaix '  has 
shown  that  such  erysipeloid  lesions  could  be  produced  in  rabbits  by 
streptococci  from  varJoas  and  indifferent  sources,  provided  that  the 
virulence  of  each  strain  could  be  sufficiently  enhanced.  This  marked 
variability  of  the  resulting  lesion  as  determined  by  the  degree  of  virulence 
of  the  incitant,  whatever  its  original  source,  forms  a  strong  argument  in 
favor  of  the  opinion  that  all  the  pyogenic  streptococci  are  members  of  a 
single  species. 

Intravenous  inoculation  of  rabbits  with  virulent  cultures  usually 
results  in  a  rapidly  fatal  septicemia.  An  animal  which  has  died  of  a 
streptococcus  infection  usually  shows  serosanguineous  edema  about  the 
point  of  inoculation,  multiple  hcmorrliagic  spots  upon  the  seroas  mem- 
branes, and  congestion  of  the  viscera.  The  microorganisms  can  almost 
invariably  be  found  in  the  heart's  blood,  in  the  spleen,  and  in  the  exudate 
about  the  inoculated  area.  Microscopically,  when  the  process  has  lasted 
sufficiently  long,  parenchymatous  degeneration  of  all  the  organs  may  be 
observed.  In  the  more  chronic  infections  articular  and  periarticular 
lesions  may  occur.' 

■  Fehieiten,  loc.  cit.;  Frankel,  Cent.  t.  Bakt.,  vi. 

•  Mtabaix,  La  CeUule,  1892. 

»5eftiil*,  Zeit,  f.  Hyg.,  iii;  Htw,  Jour.  Med.  Res.,  xix,  1908, 
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SpontEuieous  streptococcus  disease  seems  to  occur  among  acme  of 
the  l&rger  domestic  animals.  Thus,  a  contagious  form  of  inflammatJOD 
of  the  respii^tory  passages  of  horses  has  been  attributed  to  streptococcua 
infection.'  Among  cattle  these  microorganisms  have  been  found  to 
produce  purulent  inflammation  of  the  udder  and  occasionally  post- 
partum uterine  inflammation  in  cows.  Among  the  smaller  labora- 
tory animals,  occasional  streptococcus  infections  may  be  observed  in 
rabbits.  Recently  an  epidemic  disease  among  white  mice  due  to  strep- 
tococcus was  studied  by  Kutscher.^  As  a  rule,  however,  streptococcus 
disease  is  by  far  more  rare  among  animals  than  it  is  among  human  bein^ 

In  man,  a  large  variety  of  patholo^cal  processes  may  be  caused  by 
streptococci  and  here  again  the  nature  of  the  infection,  whether  definitely 
localized  or  generally  distributed,  depends  upon  the  relationship  existing 
between  the  virulence  of  the  incitant  and  the  resistance  of  the  subject. 

The  first  cultivation  of  streptococcus  from  human  lesions  was  made 
by  Fehleisen,'  who  obtained  them  from  cases  of  erysipelas.  It  was 
long  believed  that  the  so-called  Streptococcus  erysipeUUis  was  s 
similar  but  essentially  different  species  from  the  common  Streptococcus 
pyogenes.  The  production  of  erysipelas  in  animals  with  streptococci 
from  other  sources,  however,  has  shown  definitely  that  thfe  two  groups 
can  not  be  separated.*  Superficial  cutaneous  infections  are  frequently 
caused  by  streptococci  and  these  in  the  milder  cases  may  be  amilar 
to  the  localized  abscesses  caused  by  staphylococci.  In  severe  cases, 
however,  infection  is  followed  by  rapidly  spreading  edema,  lymph- 
angitis, and  severe  systemic  manifestations  with  the  development  of  ft 
grave  cellulitis,  often  threatening  life  and  requiring  energetic  suripcal 
interference.  Invasion  of  the  respiratory  organs  by  streptococci  is  not 
rare,  and  may  lead  to  bronchitis,  pneumonia,  or  empyema.  They  are 
frequently  present  also  as  secondary  invaders  in  pulmonary  tubercu- 
losis.' Streptococcus  infections  of  the  lungs  and  pleura  not  infrequently 
lead  to  pericardial  involvement. 

Suppurations  of  bone  may  be  caused  by  streptococci,  and  constitute 
a  severe  form  of  osteomyelitis.  Such  lesions  when  occurring  in  the 
mastoid  bone  are  not  infrequently  secondary  to  streptococcus  otitis  and 
may  lead  to  a  form  of  meningitis  which  is  in  most  cases  fatal.     In  the 

»  Van  de  VeUtf.  Monatsheft  liakt,,  Thierheilk.,  ii. 

*KuUcka;  Cent.  f.  Bakt.,  xlvi. 

^FehUiscn,  loc.  cit. 

*  Marbaix,  La  Cellule,  1892;  Pelrrischky.  Zdt.  t.  Hyg.,  ixiiL 

'  Comet,  •'  Die  Tuberkuloee,"  Wien,  1899. 


Digitized  by  GOOJ^Ie 


STREPTOCOCCUS  PYOGENES  343 

mouth  and  throat  streptococci  may  give  Hse  to  pharyngitis  and  are  one 
of  the  most  frequent  causes  of  a  form  of  tonsilUtis  often  clinically  indis- 
tinguishable from  diphtheria.  The  throat  infiammation  accompanying 
scarlatina  is,  almost  without  exception,  referable  to  streptococcus  infec- 
tion.' The  occasional  presence  of  the  streptococcus  in  the  blood  of 
scarlatina  patients,  moreover,  has  led  some  authors  to  surest  a  pos- 
sible etiological  connection  between  this  microorganism  and  the  disease.* 
This,  however,  is  at  present  merely  conjectural. 

In  diphtheric  inflammations  of  the  throat,  a  secondary  streptococcus 
infection  is  a  frequent  and  serious  complication.  As  incitants  of  disease 
of  the  intestines,  streptococci  have  been  found  in  appendicular  abscesses  * 
and  have  been  described  as  the  cause  of  some  forms  of  infantile  diarrhea.* 
From  any  of  the  local  processes  streptococci  may  pass  into  the  circulation, 
causing  sepsis.  The  septicemia  occurring  during  the  puerperium  is  most 
often  caused  by  this  microorganism. 

Secondary  foci  in  the  viscera  may  be  established,  leading  to  pyemia,* 
or,  if  these  localizations  occur  upon  the  heart  valves,  septic  endocarditis 
may  ensue.  All  such  forms  of  general  streptococcus  infection,  whether 
running  acute  or  chronic  courses,  present  a  high  rate  of  mortality.  The 
diagnosis  in  these  cases  is  usually  easy  if  blood  cultures  are  taken  upon 
suitable  media. 

Streptococcus  throat  infections  have  recently  appeared  in  fulmi- 
nating epidemics.  Several  small  epidemics  were  described  in  England, 
and  three  extensive  outbreaks  have  occurred  in  this  country;  one  in 
,  Boston  of  1,400  cases;  a  second  in  Baltimore  of  about  1,000  cases,  and 
athird  in  Chicago  of  about  10,000  cases.  These  outbreaks  were  studied 
by  Winslow,  Stokes,  Davis,* and  by  Rosenow.^  In  each  case  the  major- 
ity of  infections  were  traced  to  a  single  milk  supply,  though  secondary 
cases  doubtless  occurred  by  contact.  Severe  complications  such  an 
suppurative  adenitis,  otitis,  erysipelas,  peritonitis,  and  septicemia 
were  not  uncommon.  A  similar  organism — a  capsulated,  hemolytic 
streptococcus — was  found  in  each  epidemic. 

>  Boffintk]/,  Deut.  roed,  Zeit.,  1900. 
■  BagiToky  und  Stmmnridd,  Berl.  klin.  Woch.,  xxvii,  1900- 
'  Kdly,  "  Pathogecesia  of  Appendicitie." 

*Lam  and  Tavd,  Rev.  de  Chir.,  1W4;  Perrone,  Ann.  de  rinat.  Pasteur,  19O0; 
Badieridt,  Jahrb.  f.  Kinderheilkunde,  1899. 
'  Libman,  Cent,  f,  Bakt.,  xxii. 
•Cited  from  Cappa,  Jour.  A.  M.  A.,  1912,  p.  1848. 
I  Rotenva,  Jour,  of  loT.  Dka.,  1912. 
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Toxic  Products. — In  spite  of  extensive  researches  by  many  inves- 
tigators upon  the  nature  of  the  poisons  produced  by  streptococci, 
our  understanding  of  these  substances  is  still  very  incomplete.  The 
grave  systemic  symptoms  so  often  accompanying  comparatively 
slight  streptococcus  lesions  argue  strongly  for  the  production  by  these 
microorganisms  of  a  powerful  diffusible  poison.  Toxic  filtrates  of 
atreptococcite  cultures  have  indeed  been  obtained  by  Roger,'  Marmier,' 
Baginsky  and  Sommerfeld,'  Marmorek,*  and  many  others;  but  these 
have  in  no  case  been  comparable  in  potency  to  the  soluble  toxins  of 
diphtheria  or  of  tetanus.  When  injected  into  young  guinea-pigs  in 
sufficient  quantity,  these  filtrates  produce  rapid  collapse  and  death. 
The  inability  to  produce  strong  toxins  is  generally  attributed  to  the 
difficulty  of  obtaining  very  abundant  growth  of  these  bacteria  upon 
fluid  media,  development  beir^  self-limiting,  either  because  of  the  ex- 
haustion of  specific  nutritive  material  (Marmorek  '),  or,  more  probably, 
because  of  the  inhibitory  effects  of  the  products  of  growth,  chiefly  acid 
formation.  This  last  factor  can  be  partially  overcome  by  the  use  of  the 
glucose-calcium-carbonate  broth  mentioned  above,  in  which  acid  neutral- 
ization is  constantly  taking  place.  For  toxin  production,  Baginsky  and 
Sommerfeld '  advise  a  strongly  alkaline  reaction  of  the  media;  Mar- 
morek^ has  used  human  blood-st^rum-bouillon  with  success.  The 
toxins  so  produced  are  relatively  thermostable.  According  to  v, 
Lingelsheim,  heatii^  to  60°  or  70°  C.  destroys  them  in  part  only. 
The  endotoxins  contained  within  the  cell-bodies  of  streptococci  them- 
selves have  been  found  to  possess  but  slight  toxic  qualities. 

Apart  from  these  substances,  some  streptococci  produce  a  hemolysin 
which  has  the  power  of  bringing  about  destruction  of  red  blood  cor- 
puscles. The  observation  of  this  phenomenon  for  strepto<rocci  was  first 
made  by  Marmorek*  in  1895.  According  to  this  author,  there  b  a 
direct  relationship  between  virulence  and  hemolytic  power.  Other 
investigators,  however,  notably  Schottmiiller,*  believe  the  hemolytic 
power  to  be  a  constant  characteri.'itic  of  certain  strains  unchangeable  by 

'  Roger,  Rev.  de  mM.,  1892. 

>  Marmier,  Aiin..de  I'JDst.  Pasteur,  ix,  ISM,  p.  533. 

'  Bagintky  und  Sommerfeld,  Bed.  klio.  Woch.,  1900. 

'  Marmorek,  Bert,  klin,  Woch.,  1902. 

»  Marmorek,  Berl.  klin.  Woch.,  jtiv,  1902. 

'  Loo.  cit. 

'  Marmorek,  Ann,  de  I'inat.  Paaleur,  1895. 

'Marmorek,  Ann.  de  Tinst.  Pasteur,  1895. 

'  SdtoUmiilleT,  MUnch.  med.  Woch.,  1903. 
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experimental  enhancement  or  reduction  of  the  virulence.    Streptococcus 
hemolysins  may  be  conveniently  observed  by  cultivation  of  the  organ- 
isms upon  blood-agar  plates.   They  may  be  produced  in  alkaline  pepton- 
broth  and  obtained  separate  from  the  tiacteria  by  Sltratiott — a  procedure, 
however,  in  which  the  quantities  obtained  are  never  large.     Besredka ' 
aad  Schlesinger '  believe,  for   this 
reason,    that    the   hemolytic   sub- 
stances are  closely  attached  to  the 
bacterial  bodies.     The  last-named 
author,    furthermore,    has    deter- 
mined that,  in  contradistinction  to 
the  other  toxic  subetances,  strepto- 
coccus  hemolysins    are    extremely 
labile,   disappearing   from    culture 
fiuids  after  standing  for  from  five 
to   seven  days  at   ordinary  room 
temperature. 

Inununliatioti. — For  reasons  not 

wholly   understood  at  present,  ro-        ^      _.     „ 

,  ,       ,  ■   r     .■  Flo.  74.— .Streptococcus CoLONiEa 

oovery  from  Streptococcus  mfection     ^„„  r^^  cvi.Tv,.i   on  Blood- 
does    not    to    any    marked    degree      Aoab  Plate.  Showing  areas  of  heraol- 
produce    immunity    against   these     ysis  about  colimics. 
bacteria.     Active    immunity   may, 

however,  be  produced  in  rabbits,  goats,  horses,  and  other  domestic 
animals  by  treatment  with  gradually  iucreosing  doses  of  streptococcus 
cultures.* 

In  carrying  out  such  immunizations  it  is  necessary  to  use  for  the  first 
injection  attenuated  or  dead  bacteria.  Attenuation  may  t)e  accom- 
pli^ed  by  moderate  heating  or  by  the  atldition  of  chemicals  (torchloride 
of  iodin).  Neufeld  *  advises,  for  the  first  injection  in  immunizing 
rabbits,  the  use  of  ascitic-broth  cultures  killed  by  heating  to  7U°  0,  This 
Ls  followed,  after  ten  days,  by  a  second  injection  of  a  small  quantity  of 
fully  virulent  cocci.  Following  this,  injections  are  made  at  intervals 
of  ten  days  with  constantly  increasing  doses.  Modifications  of  these 
general  principles  are  employed  in  most  laboratories. 

The  sera  of  animals  so  treated  contain  no  demonstrable  antitoxic  or 

'Besredka,  Ann.  de  I'inst.  Pasteur,  xv,  1901,  p.  880. 
^  Schkiinger,  Zeit.  f.  Hyg.,  xxiv,  1903. 
>  Koch  und  Fetruachky,  Zeit.  f.  Hyg.,  xxiii,  1896. 
*  Neufeld.  Zeit.  t.  Hyg.,  xliv,  1903. 
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aotihemolytic  substances.'  Tbey  exert,  however,  demonstrable  bacteri- 
cidal power  both  in  vwo  and  in  vUro  and  distinctly  enhance  phagocytosis 
when  brought  into  contact  with  leucocytes  and  streptococci.  This 
"opsonic"  power  has  been  noticed  both  intraperitoneally  *  and  in  vibro* 

The  protective  value  of  streptococcus  immune  sera  for  infected 
animals  ia  considerable,  reachii^  often  a  potency  hardly  explicable  by 
the  demonstrable  bactericidal  or  opsonic  power,  and  thereby  su^esting 
some  other  active  factor  not  understood  as  yet/  Aronson  '  has  produced 
immune  sera  by  the  treatment  of  horses  with  a  streptococcus  derived 
from  a  case  of  scarlatina,  0.0004  c.c,  of  which  sufficed  to  protect  mice 
from  ten  times  the  fatal  dose  of  a  streptococcus  culture.  These  high 
protective  values,  however,  are  obt^ncd  only  when  the  serum  injections 
are  given  simultaneously  with  the  bacteria.  Given  four  or  six  hours 
after  infection,  much  higher  dosage  must  \>e  employed  and  protective 
results  are  much  less  regular  in  occurrence.'  Other  antistreptococcic 
sera  have  been  produced  by  Denys,  Menger,  Tavel,  and  others,  all  show- 
ing more  or  less  marked  potency  in  protecting  animals.^ 

Since  these  sera,  while  in  a  general  way  potent  against  all  streptococci, 
have  been  found  protective  chiefly  against  the  specific  microorganism  em- 
ployed for  their  production,  Van  de  Velde,*  Denys,  Aronson,  and  otiiers 
have  advised  the  immunization  of  the  anunal  with  a  lai^  variety  of 
streptococcus  races,  derived  from  many  different  human  sources.  The 
resulting  "  polyvalent "  serum  is  more  apt  to  exert  equally  high  protective 
powers  against  all  streptococcus  infections.  The  therapeutic  value  of 
such  sera  in  the  treatment  of  human  infections  is  still  sub  judice.  Un- 
deniably favorable  reports  are  puldished  each  year  in  incrensihg  number, 
but  are  by  no  means  regular  or  comparable  to  the  results  obt^ed  in 
diphtheria  with  diphtheria  antitoxin.  Nevertheless,  in  mild  cases  or  in 
those  in  which  the  lesions  have  been  distinctly  localized,  the  sera  seemed 
to  be  sufficiently  useful  to  justify  their  use  and  necessitate  their  stand- 
ardisation. 

'  lAngeUhcim,  Zeit.  f.  Hyg.,  k,  1891.  •  Bordet,  Ann.  de  I'lnat.  Paateur,  1897. 

*  Denys  et  Leclef,  Cellule,  t.  ix. 

*  Denys  et  Marchand,  "M^canisme  de  I'ir 
'  AT<mson,  Beri.  klin.  Woch.,  Mcrii,  1896; 

ix,  1905. 

'  Denyg,  "Le  S^nim  antistreptoc.,"  Louvain,  1896;  Van  de  Vdde,  Ann.  de  I'lnst. 
Pasteur,  1896. 

'  Denys  et  Marchand,  Bull,  de  I'acad.  roy.  de  toM.  de  Belgique,  ISftS;  Menger, 
Berl.  klin.  Woch.,  1902;  Tavel,  Corr.-Bl.  f.  Schw.  Aerzte. 

■  Van  de  Vdde,  Arch,  de  m6d.  exp«r.,  1897. 
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StaDdardization  is  accomplished  by  the  methods  first  devised  by 
Marx '  for  the  standardization  of  swine-plague  serum,  and  depends  upon 
the  ability  of  the  serum  to  protect  anunals  against  a  measured  dose  of 
virulent  streptococci.  Aronson'  designates  as  a  "normal  serum"  one 
of  which  0.01  c.c.  will  protect  a  mouse  agiunst  ten  to  one  hundred 
times  the  fatal  dose  of  virulent  streptococci.  One  c.c.  of  this  serum 
eqiiab  one  senun  unit.  Comparisons  by  animal  experiment  with  thia 
standard  aerum  approximately  determine  the  value  of  other  sera. 

Leucocyte  extracts*  have  been  employed  in  various  forms  of  strep- 
tococcus infections  of  man,  with  success  in  many  cases.  Favorable  re- 
sults have  been  obtained  with  these  extracts  in  cases  of  erysipelas. 

The  agghitinins  found  in  streptococcus  immune  sera  are  usually  most 
active  toward  the  race  of  bacteria  employed  in  the  immunization.  Other 
streptococci  are  also  agglutinated,  but  in  relatively,  higher  concentra^ 
tion.  While  a  specific  group  reaction  is  useful  in  differentiating  strep- 
tococci from  other  species,  a^^utination  can  not  l>c  relied  upon  to 
differentiate  individual  streptococci  from  one  another  (Hiss).  It  has 
been  found  that  a  serum  produced  with  a  streptococcus  from  one  source 
cont^ed  a  higher  agglutinating  value  for  some  other  streptococcus 
than  for  the  one  employed  in  its  production.  Agglutinins  may  be  pro- 
duced by  treating  animals  with  dead  as  well  as  with  the  living  strep- 
tococci. While  the  technique  of  streptococcus  i^a^lutination  is  not  diffi- 
cult when  we  are  dealing  with  strains  which  grow  with  even  clouding 
in  fluid  media,  the  frequent  spontanraus  clumping  in  broth  cultures 
necessitates  the  use  of  a  special  technique.  The  mast  simple  of  these 
methods  is  the  one  in  which  calcium-carbonato^lucosc  broth  is  used  for 
cultivation.*  Growing  in  this  metlium  and  thoroi^hly  shaken  once  a 
day,  the  streptococci  are  found  evenly  divided  in  tht!  supernatant  fluid 
after  the  settling  out  of  the  calcium-carbomlte  powder. 

PrecipUina  have  been  found  by  Aronson  ^  in  streptococcus  immune 
horse  serum. 

ClaHiflcation. — Differences  in  minor  cultural  characteristics  and  in 
virulence  of  streptococci  obtained  from  various  sources  have  given  rise 
to  discussion  as  to  the  identity  of  all  races  of  streptococci.  The  earliest 
observers  were  forced  to  abandon  their  separation  of  the  streptococci  of 

'  Marr,  Deutsche  thierorzt,  Wouh.,  vi,  1901 . 

'  Aronson,  Berl.  klin.  Woch..  xliii,  1902;  Olio,  Arb.  a.  d.  konigl.  Inst.,  etc.,  Frank- 
furt a.  M.,  Heft  2,  1906. 

'  Hiss,  Jour.  Med.  Rea.,  xix,  1908. 

*  ffit9,  Jour,  Exp.  M«d.,  vii,  1905.        '  Arimon,  Deut.  mod.  Woch.,  25, 1W3. 
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erysipelas  from  other  st  roptococcr  because  of  the  work  of  Marbiux '  and 
others,  who  produced  crysipclae  in  rabbiU  with  streptococci  from  non- 
crysipelatous  lesions,  after  enhancement  of  their  virulence.  V.  Lingcl- 
sheim  *  proposed  a  purely  morphological  differentiation  of  "longus" 
and  "brevis";  the  former  class  including  the  streptococci  usually  found 
in  pyogenic  lesions  with  tendency  to  form  chains  of  six  or  more  links, 
the  latter  designating  the  short-chained  varieties,  including  the  less 
virulent  streptococci.-  This  classification,  however,  is  not  tenable  bo- 
cause  of  the  dependence  of  chain  forrnation  upon  reaction,  conast«ncj', 
and  nutritive  quidities  of  the  media  employed  for  cultivation,  and 
upon  the  influence  of  animal  fluids  if  the  microorganisms  are  taken 
direct  from  lesions.  Schottmiillcr,*  in  1903,  proposed  a  classification 
based  both  upon  morpholc^y  and  the  appearance  of  cultures  upon 
human  blood  agar.  By  this  method  he  divided  streptococci  into  two 
main  groups  as  follows:  I.  Slreptococcim  longwi  seu  erysipeUUos,  consist- 
ing of  the  most  virulent  varieties,  with  tendency  to  form  long  chains, 
and  protlucing  hemolysis  upon  blood  media.  II.  Streptococcus  miliar 
seu  tdridans,  inclu<iing  less  virulent  strains,  with  usually  shorter  chain- 
formation,  and  producing  green,  non-hemolyzing  colonies  upon  blood 
media.  A  third  group.  Streptococcus  muco»us,  will  receive  special  con- 
sideration in  a  separate  section,  and  is  probably  more  closely  relaW 
to  the  pneumococci.  The  "viridans"  type  is  of  great  importance  med- 
ically since  it  is  so  commonly  found  in  subacute  septic  endocar- 
ditis and  has  recently  been  associated  by  Rosenow  and  others  with 
rheumatism. 

Attempts  to  separate  the  streptococci  into  subdivisions  by  their 
powers  to  fennent  various  carbohydrates  have  been  made  by  Hiss, 
Gordon,  and  others.  These  attempts  have,  so  far,  been  without  practical 
result.  Hiss*  indicated  a-tentative  division  of  streptococci  into  those 
which  fermented  monosaccharids  alone,  those  which  were  also  able  to 
ferment  disiicchsirids,  and  those  in  which  the  fermentative  powers  were 
extended  to  the  polysiicchaiids,  starch,  dextrin,  and  glyc<^en. 

Gordon '  found  ten  (lifTerent  fennentation  reactions  among  twenty 
pyogenic  streptococci  examined,  and  f(»rty-cight  diflferent  fermentation 
reactions  among  two  hundred  streptococci  isolated  from  saliva.    Other 

'  Marbaix,  loc.  cit. 

•w.  LingeUheim,  "Aetiol.  u.  Therap.  d.  Streptokok.  Krankh.,"  etc.,  Berlin,  1899. 

* SehaUmiilUr,  Miinch.  me<1.  Woeh.,  1903. 

*  ffws,  Cent.  t.  Bakt.,  xxxi,  1902;  Jour.  Exp.  Med.,  vi,  1905. 

» Qmdim,  Annual  Heport,  Local  Govem.  Board,  33,  London,  1903. 
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work  by  Andrewes  and  Horder  and  by  Buprgor  >  confirms  the  irregu- 
larity of  the  fermentation  reactions  within  this  group. 

Andrewes  and  Horder  surest  the  following  classification: 

(1)  Streptococcus  pyngenea.  Grows  in  long  chains  and  ferments  lactose, 
saccharose,  and  salicin;  docs  not  coagulate  milk.  Streptococci  which  cause 
suppurative  lesions  or  severe  systemic  infections  belong  to  this  group. 

(2)  Streptococcus  milis.  A  saprophytic  type  found  frequently  in  the  mouth 
which  shows  the  same  cultural  characteristics  aa  the  streptococcus  pyi^enea, 
but  grows  in  short  chains. 

(3)  Streptococcus  anginosus.  Found  frequently  in  throats  of  scariet-fever 
patients  which  difTcrs  from  the  pyogenes  only  in  coagulating  milk. 

(4)  Streptococcus  saiivarius.  A  ehorlHshain  type  which  fermente  lactose, 
saccharose,  and  raflinose,  and  coagulates  milk.  Strejitococci  of  this  type  are 
found  frequently  in  the  mouth,  but  are  rarely  pathogenic. 

(5)  Streptococcus  fecalis.  A  ahoj-t-chain  type  which  fermenta  lactose,  sac- 
charose, and  mannite.  This  type  is  found  normally  in  the  intestine,  and  is 
occasionally  pathogenic. 

(G)  Streptococcus  equimts.  A  short-chain  tj'pe  which  does  not  ferment  lac- 
toee.    Found  in  horse  dung  and  never  pathogeni<'. 

Quantitative  determinations  of  the  amount  of  acid  formed  in  vari- 
ous sugars  by  different  races  have  also  been  made  by  Winslow  and 
Palmer  *  and  others,  but  have  led  to  no  satisfactory  classification. 

Studies  by  Hopkins  and  Lang  seem  to  show  that  the  streptococci 
found  in  most  human  infections  may  be  differentiated  from  the  ordinary 
saprophytic  types  by  the  fact  that  tliey  ferment  lactose  and  salicin, 
but  fail  to  ferment  raffinose,  inulin,  or  mannite.  According  to  their  re- 
sults, the  usual  saprophytic  typos  found  in  the  mouth  either  fail  to  fer- 
ment salicin  or  ferment  raffinose  or  inulin,  whereas  the  usual  fecal  types 
ferment  mannite.  They  also  found  in  infection  mannite  fermenters 
which  were  apparently  of  fecal  origin.  Strt^ptococci  which  gave  the 
same  fermentative  reaction  as  the  mouth  saprophytes  were,  however, 
frequently  found  in  malignant  endocarditis. 

Probably  the  most  reliable  method  of  determining  the  interrelation- 
ships existing  between  bacteria,  not  only  within  this  group,  but  in  all 
bacterial  classes,  is  that  depending  upon  their  reactions  to  immune 
sera.  The  work  of  Aronson,*  Marmorek,'  and  others  has  shown  that 
streptococcus  immune  sera  produced  witli  any  one  race  of  pyogenic 

^Atulreiefs  and  Harder,  Lancet,  1906;  Buerger,  Jour.  Rxp.  Med.,  ix,  1S07. 

•Jour,  of  Iiif,  DJH,,  No,  viii,  1910.  1. 

•  ATOtatm,  Berl.  klin.  Woch.,  1902;  ibid.,  1903.     •  Marmorek,  Berl.  kiin.  Woch.,  1902. 
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BtreptocoGci  exerted  considerable,  though  variable,  protective  action 
gainst  many  other  strains  of  streptococci.  The  same  authors,  as  well 
as  many  others,  working  with  the  a^lutination  reaction,  have  shown 
that  the  agglutinins  produced  with  one  streptococcus  strain  were  active 
against  many  other  streptococci.  While  most  active  usually  against 
the  particular  microorganism  with  which  they  were  produced,  this  was 
by  no  means  the  rule,  a  senun  produced  with  a  streptococcus  from  a  case 
of  sepsis,  in  one  case,  i^glutinating  a  streptococcus  from  a  case  of  scar- 
latina more  highly  than  its  own  microorganism.  As  with  other  "group 
agglutinations,"  the  more  highly  immune  the  serum  is,  the  more  gen- 
eral is  the  a{y;lutinatii^  power  over  the  whole  group.  Thus,  while 
agglutination  is  practically  useless  in  separating  streptococci  from  one 
another,  it  is  highly  uscfiil  in  differentiating  these  organisms  from  allied 
groups,  sueh  as  the  pnoumococci.  The  immune  reactions,  therefore, 
seem  to  indicate  a  very  close  reUtionship  between  streptocococci  as  a  class. 

Pneumococcus  (streptococcus)  mucosas. — First  definitely  de- 
scribed by  Howard  and  Perkins  ^  in  1901,  and  subsequently  carefully 
studied  by  Schottmtiller,*  who  isolated  it  from  cases  of  parametritis, 
peritonitis,  meningitis,  and  phlebitis.  It  has  since  been  described  by 
many  as  the  incitant  of  lobar  pneumonia  and  of  a  variety  of  other  le- 
sions and  as  an  apparently  harmless  inhabitant  of  the  normal  mouth. 
Morphologically,  though  showing  a  marked  tendency  to  form  chains,  on 
solid  media  it  often  appears  in  the  diplococcus  form.  It  is  enclosed  in 
an  extensive  capsule,  which  appears  with  much  regularity  and  persist- 
ence. Though  very  similar  in  appearance,  therefore,  to  pneumococci, 
these  bacteria  do  not  appear  in  the  typical  lancet  shape.  Upon  solid 
media  they  show  a  tendency  to  grow  in  transparent  moist  masses.  The 
regularity  with  which  this  microorganism  ferments  inulin  medium, 
make  it  probable  that  it  b  more  accurate  to  pkice  it  with  the  group 
of  pneumococci  than  with  that  of  stroptorocci.* 

Moat  of  the  organisms  of  this  group  show  the  common  characteris- 
tics of  the  pnoumococci  and  are  soluble  in  bile.  Occasional  strains, 
such  as  one  studied  by  Dochez  and  Gillespie,  neither  ferment  inulin 
nor  are  bile  soluble.  Rarely,  too,  does  it  cause  hemolysis.  From  the 
various  studies  carried  out  upon  this  group  it  must  be  concluded  that 
while  perfectly  distinct  in  its  formation  of  a  heavy  mucoid  colony  and 
capsulation,  this  group  is  more  closely  related  to  the  pneumococci  than  to 

'  Howard  and  PerkiM,  Jour,  Med.  Rea.,  1901,  N.  S.,  i. 

'ScMtmvUer,  MUncrh.  med,  Woeh.,  xxi,  1903. 

'  Hiae,  Jour.  Exp.  Med.,  190.5;  Buergrr,  Cent.  f.  Bakt.,  I,  xli,  1906. 


Digitized  by  Google 


STREPTOCXXICUS  MUCOSUS  351 

the  trae  streptococd.  As  would  be  expected  from  its  capsulation,  its 
virulence  is  very  powerful  aad  serum  reactions  are  not  easily  carried 
out.  A  further  discussion  of  the  immune  serum  reactions  with  this 
organism  is  included  in  the  chapter  on  pneumococci,  page  363. 
STBXPTOCOCCr  ASD  BHBtJMATISM 
In  1910  Poynton  and  Paine '  described  a  diplococcus  which  they 
obtained  from  eight  cases  of  acute  rheumatic  fever  and  with  which 
they  were  able  to  produce  lesions  in  rabbita  which  they  considered 
typical  of  rheumatism.  The  organism  was  recovered  from  the  blood, 
tte  pericardial  fluid,  or  th'e  tonsil  of  their  patients.  They  described  a 
minute  Gram-negative  diplococcus  growing  best  in  acid  media  and 
under  anaerobic  conditions,  but  capable  of  growth  on  the  surface  of  ordi- 
nary media.  Many  investigators  have  attempted  to  confirm  their  work, 
but  with  negative  results  for  the  most  part,  thot^h  some  have  found 
streptococci  and  diplococci  from  rheumatic  lesions.  Recently  Rosenow  * 
has  reported  the  isolation  of  a  streptococcus  from  the  joints  of  seven 
cases  of  articular  rheumatism.  He  was  also  able  to  produce  non- 
suppurative  arthritis,  endocarditis,  and  pericarditis  in  rabbits  with 
these  cultures.  He  describes  them  as  intermediate  in  character  between 
the  streptococcus  viridans  and  streptococcus  hemolyticus. 

More  recently  Rosenow  *  has  reported  the  production  of  gastric 
ulcers  in  rabbits  and  dogs  with  streptococci  of  a  certain  grade  of  viru- 
lence. He  has  also  obtained  streptococci  from  human  peptic  ulcers 
which  showed  a  remarkable  "  afEnity  "  for  the  gastric  mucous  membranes 
of  experimental  animals. 

Rosenow  seems  inclined  to  think  on  his  later  work  that  individual 
strains  of  streptococcus  may  acquire  predilections  for  definite  tissues, 
consequently  causing  rheumatic  lesions,  muscular  lesions,  lesions  in  the 
gastric  mucosa,  etc.  He  bases  this  opinion  both  on  experimental  work 
and  upon  observations  in  patients.  Judgment  upon  this  point  of  view 
must  for  the  present  be  held  in  abeyance,  yet  it  seems  to  us  more  likely 
that  specific  localization  of  streptococci,  especially  in  connection  with 
rheumatism,  may  find  an  explanation  in  the  hypersusceptibility  of  in- 
dividual tissues  to  the  organism,  such  as  that  indicated  in  the  work 
of  Faber  who  sensitized  joints  with  extracts  of  streptococci,  subse- 
quently producii^  lesions  in  these  joints  by  intravenous  injections  of 
the  microoiganisms  themselves. 

'  Poynton  and  Paine,  Lancet,  1900,  ij,  861,  S32. 
*Ro»etunB,  Jour.  A.  M.  A.,  1913,  bt,  1223. 
»«wewic.  Jour.  A.  M.  A.,  1913,  bd,  1947,  2007. 
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CHAPTER   XXIII 

DIPUH-Oa^US    PNEUMONIA 

{Pneumococcuji,  Diplococcus  lanceolatus) 

The  opinion  that  lobar  pneumonia  is  an  infectious  disease  was  held 
by  many  far-sighted  clinicians  long  before  the  actual  bacteriological 
facts  had  been  ascertained.  This  idea,  so  well  founded  upon  the  nature 
of  the  clinical  course  of  the  disease,  with  its  violent  onset  and  equally 
rapid  defervescence,  led  many  of  the  earlier  bacteriologists  to  make  it  the 
subject  of  their  inv&'^tigations — a  subject  made  doubly  difficult  by  the 
abundant  bacterial  flora  found  normally  in  the  upper  respiratory  pas- 
sages, and  by  the  fact,  which  is  now  recognized,  that  lobar  and  other 
pneumonias  are  by  no  means  always  caused  by  one  and  the  same  micro- 
organisms. 

Cocci  of  various  descriptions  and  cultural  characteristics  were  isolated 
from  pneumonia  cases  by  Klebs,'  Koch,'  Cliinther,*  Talamon,*  and  many 
others,  which,  however,  owing  to  the  insufficient  differential  methods  at 
the  command  of  these  investigators,  can  not  positively  be  identified 
with  the  microorganism  now  known  to  us  as  Diplococcus  pneumoniae 
or  the  piieumococcus.  Although  thus  unsuccessful  as  to  their  initial 
object,  these  early  investigations  were  by  no  means  futile,  in  that  they 
gave  valuable  information  regarding  the  manifold  bacterial  factors 
involved  in  acute  pulmonary  disease  and  incidentally  led  to  the  dis- 
covery by  Friedlandcr*  of  B.  niucosus  capsulatus. 

Communications  up(m  lance-shaped  cocci  found  in  saliva,  and 
capable  of  prmlucing  septicemia  in  rabbits,  were  published  almost  simul- 
taneously by  Sternl«irg'  and  by  Pasteur'  in    1SS().     These   workers 

'  KUba.  Arch.  t.  e\p.  Path.,  1873. 
'Kock,  Mitt.  a.  d.  knis.  Gesundheittumt,  Bd.  1. 
*GiirUkcr,  Dcut.  ined.  Woch.,  1882. 
*  Tala/non,  Prop-.  mM,,  1883. 
' FrkiUiin4er,  Virchow'a  Arch.,  Ixxxvii. 
*SUnib^g.  Nat.  Hoiinl  of  l[ealtli  Bull.,  1881. 
'P<uUur,  Bull,  dc  Vacad.  de  tnfd.,  1881. 
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beyond  reasonabie  doubt  were  dealing  with  tlie  true  pneumococciis,  but 
did  not  in  any  way  associate  the  microorganisms  they  described  with 
lobar  pneumonia.  The  solution  of  this  problenr  wa-s  reserved  for  the 
labors  of  A.  Frankel '  and  Woichselhaum '  who  published  their  results, 
independently  of  each  other,  in  ISSli,  demonstrating  beyond  question 
that  the  itTKunwatcciui  is  the  etiological  factor  in  a  large  majority  of 
cases  of  lobar  pneumonia. 

HmfboUygj  and  Staining. — The  morphology  of  the  pnc-uniococcus  is, 
in  general,  one  of  the  nuwt  valuable  guides  to  Km  identity. 

When  typical,  the  pneiinKMiiccus  is  a  rather  large,  lance t-shape<l  tiic- 
cus,  occurring  in  pairs,  and  surrounded  by  a  definite  and  often  wide 
capsule,  which  usually  includes  the  two  approximated  cocci  without  a 
definite  indentation  op|)osite  their  lines  of  divi.sion.  The  pneumococci 
may,  however,  occur  singly  or  in  slutrt  chains,  and  even  fairly  limg 
chains  are  not  infrequently  met  with  under  artificial  cultural  con(htions. 
This  may  be  chiefly  due  to  the  cultural  conditions  or  may  l>e  a  promi- 
nent characteristic  of  certain  strains.  Apparently  the  cajisides  of  »t- 
ganisms  making  up  the  chains  arc  continuous;  wavy  indentations  are 
usually  present,  however,  in  the  cai>aulG  of  chains,  and  at  times  distinct 
divisions  are  ol)served. 

The  chief  variations  from  (he  typical  morphologj'  consist  either  in 
the  assumption  of  a  more  distinctly  spherical  coccus  type,  or  in  an 
elongation  approximating  the  bacillary  form.  Under  certain  conditions 
of  artificial  cultivation  a  distinct  flattening  of  the  organisms,  particularly 
of  those  making  up  chains,  may  lie  seen,  and  even  the  impression  of  a 
longitudinal  line  of  division,  characteristic  of  many  streptococcus 
cultures,  is  not  infrequently  gained. 

The  cai»sulcs  imder  certain  conditions,  especially  in  artificial  media, 
may  Ite  aljsent  or  not  demonstrable,  and  in  certain  strains  ca|)sules  a|> 
parently  may  not  Iw  present  under  any  cunditinns.  I'rju-licallj'  any  o( 
the  described  variations  may  dominate  one  and  the  same  culture  under 
different  or  even  apparently  the  same  ciniditiims  of  cultivaliim,  and  all 
grades  may  occur  in  cai>sule  development,  from  its  typical  formation 
through  all  variations,  to  its  t^ital  and  apparently  permanent  absence. 

The  presence  or  absence  of  capsules  depends,  to  a  large  extent,  uiH)n 
the  previous  environment  of  the  pneumococci  under  oliservation.  The 
moat  favorable  con<litioii8  for  the  development  or  preservation  of  the 
pneumocnccus  capsule  arc  found  in  llie  body  fluiils  of  man  and  animals 
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BuEFering  from  pneumococcus  infection.  For  instance,  capsules  may  be 
demonstrated  with  ease  by  the  usual  capsule-staining  methods  in  the 
blood,  serum,  and  inflammatory  exudate  of  the  infected  rabbit  and 
white  mouse.  Capsules  may  be  equally  well  marked  in  the  fresh  sputum 
of  pneumonia  patients,  especially  in  the  early  stages  of  the  disease  and 
in  the  exudate  accompanying  such  pneumococcus  infections  as  menin- 
'  gitis,  otitis  media,  and  empyema.  In  sputum  and  the  exudates  of 
various  localized  infections,  the  organisms  are,  however,  frequently 
degenerated  or  under  chemical  conditions  unfavorable  for  capsule 
staining,  and  satisfactory  results  are  not  then  easily  obtained.     The 


Fio.  75. — pNBUMococci,  Ghown  on  Fia.  76.— Pnbumococci,  from  Rab- 

LoEFTLEH'a     Serum.     (Capsule     stain  hit's  Heart  Bi/wd.    (Capsule  stain  by 

by     gentian-violet-potassium-corbonatc  coppcr-8ulpbat«  method.) 
method.) 

same  is  often  true  of  the  scrapings  from   lungs  of  patients   dead   of 
pneumonia,  even  in  the  stage  of  red  hepatization. 

In  artificial  cultivation,  if  the  nutrient  medium  is  not  milk  or  does  not 
cohtain  senim,  capsules  can  not  usually  be  demonstrated  by  the  ordinary 
methods  of  preparing  and  staining.  Capsules  may,  however,  with  much 
regularity  be  demonstrated  on  pneumococci,  in  agar,  broth,  or  on  almost 
all,  if  not  all,  artiflciul  media,  irrespective  of  the  length  of  time  the  organ- 
isms have  been  under  artificial  cultivation  if  beef  or  rabbit  scrum  is  used 
as  the  diluent,  when  they  are  spread  on  the  cover-glass  for  staining.' 

The  pneumococcus  is  non-motile  and  possesses  no  fiagella.     Spores 
are  not  formed.     Swollen  and  irregular  involution  forms  are  common 
in  cultures  more  than  a  day  old. 
~~  'Hut,  Cent.  f.  Bakt.,  xxxi,  1902;  Jour.  Exp.  Mud.,  vi,  1905^ 
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The  pneumococcua^JB  stuned  readily  .with^^all  the  usual  aqueous 
anlUn  dyes.  BtaJned^^  the  method  of  flrMn,  it  is  pot  decolorizedA 
Special  methods  of  staining  have  been  devised  for  demonstra- 
tion of  the  capsule.  I'he  ones  most  generally  used  are  the  glacial 
acetic-acid  method  of  Welch '  and  the  copper-sulphate  method  of  Hiss.' 
More  recently  Buerger '  has  devised  a  more  complicated  method  for 
staining  capsules,  for  which  he  claims  differential  value.  (For  methods 
see  section  on  Technique,  p.  98.) 

For  simple  staining  of  pneumococci  in  tissue  sections,  the  Grara- 
Weigert  technique  is  excellent.  For  <iemonstration  of  the  capsules 
in  tissue  sections,  Wadsworth  *  has  described  a  simple  method. 

Coltivatian  ud  IsoUtioii.. — The  pneumococcus  being  more  strictly 
parasitic  than  many  other  bacteria,  presents  greater  difficulties  in  its 
cultivation.  On  meat-extract  media  growth  does  not  take  place  with 
r^ularity.  On  those  media,  however,  which  have  beef  or  veal  infusion 
for  their  basis,  growth  can  be  obtained  with  considerable  regularity, 
although  such  growth  may  be  sparse  and  delicate. 

Growth  takes  place  most  regularly  at  a  temperature  of  37.5°  C. 
Development  does  not  usually  occur  below  25°  nor  alwve  41°  ().*  At 
ordinary  room  temperature,  18-22°  C,  the  temperature  use<l  for  gelatin 
cultivation,  growth  either  does  not  take  place  at  all  or  it^  exceedingly 
slow  and  unenergetic. 

Aerobic  and  anaerobic  conditions  both  permit  the  growth  of 
pneumocoecus,  there  being  very  little  difference  in  speed  or  extent 
of  growth  along  the  course  of  deep  stab  cultures  in  favorable  media. 
The  most  favorable  reaction  of  media  for  the  cultivation  of  this  micro- 
organism is  neutrality  or  very  slight  alkalinity.  Slight  acidity,  how- 
ever, if  not  exceeding  eight-tenths  per  cent,  does  not  materially  hamper 
development. 

The  growth  of  pneumococci  on  all  media  may  be  considerably 
enhanced  by  the  addition  to  these  media  of  animal  or  human  serum  or 
whole  blood.  Additional  substances  which,  among  others,  unquestion- 
ably have  a  favorable  influence  upon  pneumocoecus  growth,  are  glucose, 
□utrose,  and  glycerin.  The  addition  of  the  latter  substances  to  the 
media,  however,  probably  because  of  acid  formation,  hastens  the  death 

>  WeltA,  Johns  Hopk.  Hosp.  Bull.,  xlii,  1802. 

•Wv»»,Ceiit.  f.  Bakt-.xxxi,  1902:  Jour.  Exp.  He<1.,  vi,  lOd.l. 

'Buerger,  Medlctil  News,  Ixxxviii,  1904. 

'  Wadrnvorth, "  Studies  by  the  Pupils  of  W.  T.  Sedgwick,"  Chicago,  J896. 

*A.  Franka,  Drat.  med.  Wodi.,  xiii,  ISSft. 
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of  pneumtwocciis  ciittiirea.  An  incronso  of  thft  amount  of  pepton 
iiaerl  for  the  prepur.ition  of  iticdin  is  (lesiiahlc  for  the  cultivation  of 
this  mion)organisni ;  two  1o  four  per  cent  iif  peptiin  may  tie  found 
advantageous). 

In  suitably  alkahne,  nutrient  hroth,  growth  is  rapid,  and  within 
twenty-four  hours  leads  t^o  slight  clouding  of  the  fluid.  Thin  clouding, 
as  a  rule,  eventually  disappears  as  the  microorganisms,  sinking  to 
the  bottom  of  the  tulie  or  disintegrating,  leave  the  fluid  more  or 
less  clear.  In  broth,  pnsumococci  have  a  tendency  to  form  short 
chains.  When  glucose  has  l)een  added  to  the  broth,  growth  is  more 
rapid  and  profuse,  but  considerable  acid  formation  causes  the  cultures 
to  die  out  rapidly.  It  is  possible,  however,  to  employ  glucose  as  a 
growth-enhancing  element  in  brath  cultui-es  without  interfering  with  the 
viability  of  the  cultures  by  .idding  small  quantities  (one  per  cent)  of 
sterile,  powdered  calcium  carbonate.  This  method  of  cultivation  in 
broth  isespecially  adapted  to  the  production  of  ma.s.'i  cultures  for  purposes 
of  immunization  or  agghitination.'  The  addition  of  as<'it.ic  fluid  or  blood 
serum  to  broth,  in  the  pn)portion  of  one  to  three,  makes  an  extremely 
favorable  meciium  in  which  growth  is  rapid  and  profuse. 

Upon  agar  jdates,  pneumococcus  growth  is  not  unlike  that  of  strepto- 
coccus. The  colonies  are  small,  round,  and  slightly  more  transparent 
than  those  of  the  streptococci.  They  appear  more  moist  than  strepto- 
coccus colonics  and  often  are  more  flat.  Micnwcopically  examined,  the 
colonies  are  finely  granular,  with  dark  centers  and  slightly  corrugated 
lighter-colored  peripheral  areas.  Under  high  magnification  no  such  in- 
tertwining convolutions  can  be  seen  as  those  noticed  under  similar 
magnification  in  atreptociiccus  cultures.  The  addition  of  nnima)  albu- 
min tJ>  agar  results  in  the  more  rapid  development,  larger  size,  and  deejier 
opacity  of  the  colonies. 

Agar  stah  ndlurefi  show  growth  within  twenty-four  to  thirty-si.x 
hours,  which  takes  place  with  equal  thickness  along  the  entire  course  of 
the  stab.  There  is  nothing  distinctive  in  these  cultures  to  differentiate 
them  from  similar  streptococcus  cultures. 

in  gelatin  plate  ami atah  ntliure.t  ai  22^  C,  gn»wth,asa  rule,  does  not 
take  place.  This,  however,  is  not  true  of  all  races  of  pneumococci. 
Occasionally  strains  are  met  with  which  will  gmw  fairly  abumlantly  in 
gelatin  at  a  temperature  of  22°  (I  When  the  gelatin  is  rendered  suffi- 
ciently firm  to   Iwar  25°  to  2(i°  (!.  without  melting,'  growth   appe-are 

'  //i'm,  JoTir.  ICxp.  Mwl.,  vii,  1905. 
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slowly  and  sparsely  as  iniiiuto,  grayish-whitc,  transparpnt  c^olonirs. 
The  gelatin  is  not  liqucfiwl  by  tlie  urganisnis. 

Growth  upon  milk  is  profuse,  resulting  in  the  production  of  aeid  and 
eoagulstion  of  the  medium.  llaL-es  are  cncounterud  in  whitrh  this  is 
suppressed  and  coagulation  in  milk  is  aljsent  or  long  delayed. 

Upon  potato,  thin,  gray,  moist  growth  occurs,  hardly  visible  and  in- 
distii^uishable  from  an  increased  moisture  on  the  surface  of  the  medium. 

Upon  Loefficr's  coagvlatcd  blood  serum,  tlie  pneiunococcus  develops 
into  moist,  watery,  discrete  colonies  which  tend  to  disappear  by  a  drj-ing 
out  of  the  colonies  after  some  days,  diilering  in  this  from  streptococcus 
colonies,  which,  though  also  discrete,  are  usually  more  opaque  and 
whiter  in  appearance  than  those  of  the  pneumococcus  and  remain  un- 
changed for  a  longer  time.  This  medium,  ba  will  be  sren,  is  useful  in 
differentiating  pneumococci  from  the  so-called  Streptococcus  mucosus. 

Upon  mixtures  of  whole  rabbit's  blooil  and  agar,  the  pneumococcus 
grows  well,  and  forms,  after  four  or  five  days,  thick  black  surface  colo- 
nies, not  unlike-  sun  blisters  on  red  paint.  These  colonies  arc  easily 
distinguished  from  those  of  streptococci,  and  are  of  considerable  differ- 
ential value.* 

Pneumococcus  colonies  on  blood  plates  may  cause  a  slight  halo  of 
hemolysis  and  methemagiobin  formation  after  48  hours  or  longer  in 
the  incubator. 

Guarnieri  *  has  recommended  a  medium  with  a  pepton-beef-infusion 
basis  rendered  semisolid  by  mixtures  of  agar  and  gelatin.  A  modifica- 
tion of  this  medium  has  been  descrilied  by  Welch '  and  has  l«>en  much 
employed.  Cultivation  within  eggs  and  upon  egg  media  *  has  l>ecn  used. 
Wadsworth '  has  recommentled  a  mcdimn  composed  of  ascitic  fluid  to 
which  agar  has  been  added — sufficient  to  give  a  soft  jelly-hke  consist- 
ency. He  observed  prolonged  viability  and  the  preservation  of  the 
virulence  on  thia  medium. 

For  the  purpose  of  differentiating  pneumococci  from  streptococci, 
Hiss '  devised  a  metlium  of  Iwef  serum  one  part,  and  distilictl  water  two 
parts,  to  which  is  iidded  on<i  per  cent  of  inuiin  (c.  p.),  Jind  enough  litmus 
to  render  the  medium  a  clear,  transpanmt  blue.  By  fermentation  of 
the  tnulin  the  pneumococcus  acidifies  tliis  mixture,  causing  coagulati'in 
of  the  Berum.    Streptococci  do  not  ferment  inuiin. 

'Wiw,  loc.  cit.  '  irt'fcA,  Johns  Hopk.  Hosp.  Bull.,  iii,  lSi)2. 

» Cuamieri,  Att.  deU'  kcnA.  di  Roma,  lSg3.'      <  Sdavo,  Riv.  d'Iftiene.  1«91. 
'  WaihwoTlh,  Proc,  N.  Y.  Path.  Soc.,  1903. 
•ffiw,  Jour.  Exp.  Med.,  vi,  1905. 
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For  the  isolation  of  pneumococci  from  mixed  cultures  or  from  mat«- 
rial  containing  other  species,  such  as  sputum,  surface  smeare  of  the 
material  are  made  upon  plates  of  neutral  glucose-agar,  glucose-eenim- 
agar,  or  blood  agar.  According  to  the  number  of  bacteria  present  in 
the  mfccted  material,  it  may  be  smeared  directly  upon  the  plate,  or 
diluted  with  sterile  broth  before  planting.  After  incubation  for  twenty- 
four  hours,  the  pneumococcus  colonics  are  eaaly  dififerentiated  from  all 
but  those  of  streptococcus.  With  practice,  however,  they  may  be  dis- 
tinguished from  thes^  also,  by  their  smoother  edges  and  greater  trans- 
parency and  flatness. 

For  the  isolation  of  pneumococci  from  sputum,  the  sputum  may  be 
washed  by  gently  rinsing  in  successive  watch  glasses  containing  salt 
solution,  then  rubbed  up  in  a  glass  tube  or  mortar  with  a  little  broth 
and  injected  into  a  white  mouse,  cither  into  the  base  of  the  tail  or  into 
the  peritoneum,  takii^  great  care  not  to  puncture  the  liver.  If  virulent 
pneumococci  are  present,  death  will  occur  within  24  hours  or  there- 
abouts. Pneumococci  will  be  found  in  pure  culture  in  the  heart's 
blood,  and  in  large  amounts  in  the  peritoneal  exudate. 

ReBiatance. — On  artificial  media,  the  viability  of  the  pneumococcus 
is  not  great.  Cultiues  upon  agar  or  bouillon  should  be  transplajited 
every  third  or  fourth  day,  if  the  cultures  are  kept  within  an  incubator. 
In  all  media  in  which  rapid  acid  formation  takes  place,  such  as  glu- 
cose media,  the  death  of  cultures  may  occur  more  rapidly.  In  media 
eontainii^  albumin  and  of  a  proper  reaction,  preservation  for  one  or 
even  two  weeks  U  possible.  The  longer  the  particular  race  has  been 
kept  upon  artificial  media,  the  more  profuse  is  its  growth,  and  the 
greater  its  viability,  both  qualities  going  hand  in  hand  with  diminish- 
ing parasitism.  The  length  of  life  may  be  much  increased  by  preserva- 
tion at  low  temperature,  in  the  dark,  and  by  the  exclusion  of  air.  In 
calcium  carbonate  broth  and  kept  in  the  ice-cheat,  cultures  may  often 
remain  alive  for  months, 

Ncufeld  has  succeeded  in  keepii^  pneumococci  alive  and  virulent, 
by  takii^  out  the  spleens  of  mice  dead  of  pneumococcus  infection  and 
preserving  them  in  a  Petri  dish  in  a  dessicator,  in  the  dark  and  cold.  In 
this  way,  the  organisms  can  be  cultivated  from  the  spleen,  and  will  be 
fuimd  virulent  for  longer  periods  than  in  culture  media. 

In  sputum  the  viability  of  pneumococci  seems  to  exceed  that  ob- 
served in  culture.    The  studies  of  Guamieri,'  Bordoni-Uffreduzzi,*  and 

'  Gvamicn,  Att.  delta  R.  AcaJ.  Med.  di  Roma,  iv,  1888. 
*  Bordvni-USredxasi,  Arcb.  p.  1.  w.  med.,  xv,  1891. 
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others  have  shown  that  pneumoeoCci  slowly  dried  in  sputum  may  re- 
mun  alive  and  virulent  for  1  to  4  months,  when  protected  from  light; 
and  as  long  as  nineteen  days  when  exposed  to  diffused  light  at  room 
temperature.  Experiments  by,  Ottolenghi '  have  confirmed  these  re- 
sults; the  virulence  seems,  in  Ottolei^hi's  experiments,  to  have  become 
conwderably  attenuated  before  death  of  the  cocci.  Recent  studies  by 
Wood,'  whose  attention  was  focused  chiefly  upon  pneumococcus  viability 
in  finely  divided  sputum — in  a  condition  in  which  inhalation  transmission . 
would  be  possible — have  shown  tliat  pneumococci  survive  for  only  about 
one  and  one-half  hours,  under  ordinary  conditions  of  light  and  tempera- 
ture.    Exposed  to  strong  sunlight  pneumococci  die  off  within  an  hour. 

Low  temperatures  slightly  above  zero  are  conducive  to  the  pro- 
longatic»i  of  life  and  the  preservation  of  virulence. 

The  resistance  of  the  pneumococcus  to  heat  is  low,  52"  C.  destroying  it 
in  ten  minutes.'  To  germicidal  agents,  carbolic  acid,  bichlorid  of  mer- 
cury,  permanganate  of  potassium,  etc.,  the  pneumococcus  is  sensitive, 
bdng  destroyed  by  weak  solutions  after  short  exposures. 

The  disinfection  of  sputum,  difficult  because  of  the  protective  coat- 
ing of  the  secretions  about  the  bacteria,  has  been  recently  studied  by 
Wadsworth.*  The  conclusions  reached  by  this  writer  indicate  that 
pneumococci  in  ^cudates  are  meet  rapidly  destroyed  by  twenty  per  cent 
alcohol,  other  and  stronger  disinfectants  being  less  efficient,  probably 
because  of  slighter  powers  of  diffusion. 

mnilflucfl  and  Pathofenlci^.— The  virulence  of  pneumococci  is  sub- 
ject to  much  variation,  depending  upon  tlte  length  of  time  during  which 
it  has  been  ciUtivated.  It  has  been  mentioned  above  that  under  condi- 
tions such  as  those  prevailing  in  dried  sputum  or  blood  °  the  virulence  of 
pneumococci  may  be  preserved  for  several  weeks.  Ordinarily,  the 
virulence  diminishes  as  the  cocci  adapt  thrmselveH  to  life  upon  artificial 
media.  Upon  media  containing  animal  albumin,  such  as  ascitic  fluid  or 
blood  agar,  this  attenuation  is  less  rapid  than  upon  the  simple  meat- 
infusion  preparations. 

In  the  blood  of  rabbits  dead  of  a  pneumococcus  infection,  taken 
directly,  into  sterilized  tubes,  sealed  and  kept  in  the  dark,  Foa  *  has  been 
^le  to  preserve  the  virulence  of  pneumococci  for  as  long  as  forty-five 
days.  Preservation  in  the  spleen  of  animals  dead  of  pneumococcus 
infection,  as  practiced  by  Neufeid,  has  been  mentioned  above.  Whether 

'  OlIoiengM,  Cent.  f.  Bakt.,  xxv,  1889.        '  Wood,  Jaw.  Exp,  Med.,  vii,  1905. 
'Sternberg,  Cent.  f.  Bakt.,  xii,  1891.  '  Wadsworlh,  Jour.  InT.  Diseaaee,  iii,  1»06. 
'  Chtamieri,  loc.  cit.  •  Foa,  Zeit.  f.  Hyg.,  iv,  1888. 
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or  not  the  virulence  of  pneumococci  is  attenuated  by  sojourn  within  the 
human  body  during  disease  is  uncertain.  The  attenuation  of  virulent 
pneumococci  on  artificial  media  may  be  hastened,  according  to  Frankel,' 
by  cultivation  of  the  organism  at  or  above  a  temperature  of  41"  C. 

The  virulence  of  attenuated  cultures  may  be  rapidly  enhanced  by 
passage  of  the  organisms  through  the  bodies  of  susceptible  animals. 
The  virulence  of  str^ns  may  be  so  enhanced  that  oae  one-millionth  of 
a  c.c.  will  kill  a  mouse. 

Amoi^  the  domestic  animals  white  mice  and  rabbits  are  most  sus- 
ceptible. Guinea-pigs,  d(^a,  rats,  and  cats  are  much  more  remstaut. 
Birds  are  practically  immune. 

The  results  of  pneumococcus  inoculation  into  susceptible  animals 
vary  according  to  the  size  of  the  dose,  the  virulence  of  the  introduced 
bacteria,  the  mode  of  n<lministration,  and  the  susceptibility  of  the 
subject  of  the  inoculation.  Subcutaneous  inoculation  of  virulent 
pneumococci  into  mice  and  rabl>its  usually  results  in  an  edematous 
exu<lati<>n  at  the  point  of  inoculation,  which  leads  to  septicemia  and 
death  within  twenty-four  to  seventy-two  or  more  hours.  When  the 
dose  has  been  extremely  small  or  the  culture  unusually  attenuated,  a 
localized  abscess  may  be  the  only  result.  Intravenous  inoculation  is 
usually  more  rapidly  fatal  in  these  animals  than  the  subcutaneous 
method.  Intraperitoneal  inoculation  in  rabbits  results  in  the  formation 
of  a  rapidly  spreading  peritonitis  in  which  the  exudates  are  apt  to  be 
accompanied  by  a  deposit  of  fibrin,  and  to  lack  the  transparent  red  color 
so  often  caused  Ijy  the  hemolyzing  streptococci.  With  very  virulent 
strains,  these  differences  are  I<«s  marked.  In  almost  all  of  these  infec- 
tions deatli  is  preceded  liy  septicemia  an<i  the  microorganisms  can  be 
recovered  from  the  heart's  blo(Hl  of  the  victims. 

The  production  in  aninjals  of  lesions  comparal>le  to  the  lobar  pneu- 
monia of  human  sulijccts  has  been  the  aim  of  many  investigators. 
Wadsworth, '  roct^nizii^  that  such  lesions  probably  depended  upon  the 
partial  immunity  which  enabled  the  infected  subjects  to  localize  the 
pneumococcus  processes  in  the  lungs  after  infection  by  way  of  the 
respiratory  passives,  succeeded  in  producing  typical  lobar  pneumonia 
in  rabbits  by  partially  immimizing  these  animals  and  inoculating  them 
intratracheally  with  pneumococci  of  varying  virulence.  Lamar  and 
Meltzer '  produced  lobar  pneumonia  in  dogs  in  1912  by  injeotang  cul- 

'  Frdnkei,  IJcut.  lacd.  Woch.,  13,  ISSG. 

*  Wit'hirorlh,  Anicr.  Jtiur.  Meil.  SiL,  Miiy,  1904. 

'  Lamar  and  MtUxr,  Jour.  Ex]>,  Med.,  xv,  1912. 
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tures  in  the  bronchi  and  blowii^  them  into  the  finer  bronchioles  with 
aJT.  Simitar  experimenta  have  iieen  made  by  Wintemitz  and  Hirsch- 
felder.' 

In  man,  the  most  frequent  lesion  produced  by  the  pneumococcus  is 
acute  lobar  pneumonia.  About  ninety  per  cent  of  all  cases  of  this 
disease  are  caused  by  the  pneumococcus,^  the  remainder  being  due  to 
streptococci,  influenza  bacilli,  Friedlander's  bacilli,  and  exceptionally 
to  other  microorganisms.  Lobular  pneumoDia  is  caused  by  the  pneu- 
mococcus with  almost  equal  regularity.  Infection  in  pneumonia  prob- 
ably occurs  through  the  lung,  and  in  such  experiences  as  those  of  the 
French  and  Americans  at  Panama  and  those  of  the  English  in  the  South 
African  diamond  mines,  it  would  appear  that  pneumonia  might  be  a 
conta^ow;  disease.  According  to  Cole,  *  when  pneumonia  is  secondary 
to  septicemia  it  is  usually  of  the  lobular  type.  Experiments  of  Meltzer 
seem  to  indicate  that  inftx^ion  is  fiicilitated  by  closure  of  the  small 
bronchioles,  and  cold  or  chilling  may  possibly  stimulate  the  mucous 
glands  so  as  to  plug  these. 

In  the  discussions  given  below  concerning  the  types  of  pneumococci, 
it  will  appear  that  the  type  of  pnenmococctis  found  in  the  lung  not  often 
coincides  with  that  found  in  the  mouths  of  normal  individuab.  The 
types  I,  II  and  III,  according  to  Dochez  and  Avery,*  are  found  only  in 
association  with  the  disease,  but  the  fourth  );roup  is  the  one  which  is 
found  in  sputum  of  many  normal  individuals.  A  person  in  contact 
with  a  pneumococcus  patient  may  possibly  carry  the  more  virulent 
groups  in  his  mouth,  thus  constituting  a  pneimiococcu.s  carrier.  During 
the  course  of  these  diseases  the  coc^ci  are  found  in  lai^e  numbers  within 
the  pulmonary  alveoli,  and  in  the  capillaries  and  lymph  vessels  of  the 
lung.  Whether  or  not  the  pneumococci  enter  the  blood  stream  in  all 
these  eases  is  a  question  not  yet  definitely  nettled.  Frankel  =  states  it  as 
his  l>elief  that  in  most,  if  not  in  all,  cases,  the  diplococci  at  .some  time 
during  the  diseases  could  be  found  in  the  circulating  blood.  ProchaJika 
in  ii  study  of  ten  unselected  casts  obtained  positive  blood  cultures  in 
every  one  of  them.  A  review  of  the  literature  upon  the  question  indi- 
cates [>ositive  blood-culture  findings  in  certainly  over  twenty-five  per 
eent  of  the  cases. 

*  Winlemilz  and  Himehfeltkr,  Jour.  Exp.  Med,,  xvii,  1913. 

*  Netier,  Compt.  rend,  de  la  »K!.  de  biol.,  ISIW. 
'CaU,  Harvey  Lecture,  New  York,  Dec.  13,  1913. 

*  Doehei  and  Avery,  Jour.  Exper.  Med.,  xxi,  1915. 
'Frankel,  "v.  Leyden  Festschr.,"  1902. 
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In  complications  of  pneumonia,  pneumococci  are  found  usually  in 
the  pleura  where  they  may  cause  a  simple  dry  pleurisy  or  even  empy- 
ema. Less  frequently  they  may  cause  pericarditis  and  endocarditis. 
Meningitis  may  be  either  secondary  to  pneumonia  or  independent. 
Such  cases  are  grave,  almost  invariably  ending  in  death.  Other  lesions 
which  may  be  caused  by  pneumocoeci,  either  as  post-pneumonic  proc- 
psaea  or  without  previous  pneumonia,  are  otitis  media,  osteomyelitis, 
and  arthritis.  Cases  of  pneumococcus  peritonitis  occur  sometimes 
secondary  to  appendicular  inflammations,  occasionally  without  traceable 
portal  of  entry.  Severe  catarrhal  conjunctivitis  may  be  caused  by  these 
diplococci,  usually  during  the  course  of  a  pneumonia.  Ulcerative 
endocarditis  with  pneumococcus  septicemia,  apparently  independent  of 
a  pulmonary  lesion,  is  not  infrequent, 

Tozlc  Products  of  th«  Pneumococcus. — Our  knowledge  of  pneumococ- 
cus poisons  is  still  very  imperfect.  Attempts  to  obtain  soluble  toxins  by 
the  filtration  of  cultures  have  been  practically  unsuccessful.  G.  and  F. 
Klemperer,'  Menncs,*  Pane,*  Foa  and  Carbone,*  and  others  failed  to 
obtain  pneumococcus  filtrat.es  of  any  degree  of  toxicity,  though  working 
with  highly  virulent  strains.  The  feeble  toxin  so  obtained  produced  no 
antitoxin. 

The  general  failure  to  procure  strong  soluble  poisons  from  cultures, 
^ves  weight  to  the  assumption  that  the  most  potent  toxic  products  of 
pneumocoeci  are  in  the  nature  of  endotoxins  and  closely  bound  to  the 
cell-bodies  themselves.  This  assumption  is  Iwme  out  by  the  more 
recent  experiments  of  Macfadyen.'  This  author  obtained  acutely 
poisonous  Rubstancca  from  pneumm^occi  by  trituration  of  the  organisms 
a:fter  freezing,  an<l  extracting  them  with  a  one  1  ;  1,000  caiistic  potash 
solution.  With  the  filtrate?  of  these  extracts  he*  w.is  able  to  cause  rapid 
death  in  rabbits  and  guinea-pigs  by  the  use  of  <loseR  not  exceeding  0.5 
to  1  c.c.  He  foun<l,  furthermore,  a  striking  parallelism  between  the 
dt^fee  of  toxicity  and  the  virulence  of  the  extracted  culture.  Colo,* 
too,  in  recent  studies,  inclines  to  the  belief  that  the  poisons  of  the  pneu- 
mococcus are  in  the  nature  of  endotoxins  and  has  produced  toxic  sub- 
stances by  salt  solution  and  bile  eirtraction  of  the  organisms. 

Inimunization. — Recovery  from  a  spontaneous  pneumococcus  in- 

1(7.  and  F.  Kkm/frer,  Berl.  klin.  Woch.,  xxxiv  ant)  xmv,  1891. 

'  Mfnnts,  Zcit.  f.  Hyg.,  xxv,  1897.  '  FaTie.,  Rif.  med.,  xd,  1898. 

"  Foa  nnd  CiiTl«mf,  Cent.  f.  Bakt.,  x,  1899. 

*  Miirjmlyni,  Brit.  Med.  Joiir.,  ii,  1906. 

'CoU,  Harvey  Let-ture,  N.  Y.,  Den.,  1913. 
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fection  confers  immunity  for  only  a  short  period.  Two  and  three  attacks 
of  lobar  pneumonia  in  the  same  individual  are  not  unusual,  and  it  is 
uncertain  whether  oven  a  temporary  immunity  is  acquired  in  such 
infections.  Active  immunization  of  laboratory  animala  may  be  carried 
out  by  various  methods.  The  method  usually  followed  b  to  begin  by 
injecting  attenuated '  or  dead  bacteria  or  bacterial  extracts.  Subse- 
quent injections  are  then  made  with  gradually  increasing  doses  of  living, 
virulent  microorganisms.  Great  care  in  increasing  the  dosage  should 
be  exercised  since  the  loss  of  an  animal  after  two  or  three  weeks'  treat- 
ment by  a  carelessly  high  dose  of  pneumococci  is  not  unusual.  Wads- 
worth  centrifugal  izes  freshly  grown  pneumococcus  cultures  and  to  the 
pneumococcic  sediment  adds  a  definite  quantity  of  concentrated  salt 
solution.  At  the  end  of  12  hours,  the  pneumococci  are  dead  and  con- 
siderable destruction  of  the  cell-bodies  hsw  taken  place.  Dilution  with  ■ 
water  until  the  solution  equals  0.85  per  cent  NaCl  now  prepares  the 
emulsion  for  inoculation-  The  sera  of  animals  immunized  with  pneu- 
mococci conUtin  active  bactericidal  substances. 

Specific  a^gluiinins  in  pneumococcus  immune  sera  were  first 
thoroughly  studied  by  Neufeid '  and  since  then  have  been  made  the 
subject  of  extensive  studies  by  Wadsworth,'  Hiss,*  and  many  others. 
For  the  sake  of  obtaining  plentiful  growth  for  a^lutination  purposes. 
Hiss  has  recommended  cultivation  in  1%  glucose  broth  with  the  addi- 
tion of  small  amounts  of  sterile  calcium  carbonate  to  absorb  acid  formed 
from  the  glucose.  Pneumococci  do.  not  regularly  agglutinate  in  diluted 
immune  sera  and  agglutinations  are  Ixwt  studied  in  suspensions  of  more 
concentrated  immune  serum,  Afslutini'tion  begins  at  the  end  of  about 
15  minutes,  and  can  be  studied  both  by  formation  of  climips  and  by  the 
sediment. 

An  entirely  new  turn  has  been  given  to  studies  of  the  pneumococcus 
group  by  the  observation  by  Neufcld  and  Haendel  that  as  regards  reac- 
tions to  immune  serum  several  varieties  of  pneumococci  exist.  Studies 
based  upon  this  observation  of  Neufeid  *  and  his  associates  have  more 
recently  been  made  by  Dochez  and  Gillespie.*  These  workers  have 
studied  pneumococci  isolated  from  many  different  human  sources,  both 
by  means  of  pretcction  in  mice  and  by  afo»lutinfttion.  They  have  accord- 
ingly divided  pneumococci  into  four  groups,  in  which  they  include,  for 

■  Raiziewgky,  Zeit.  f.  Hyg,,  xxxvii,  1901;  Neufeid,  Zeh.  t.  Hyg.,  xi,  1902. 

*  Neufeid,  loc.  cit.         '  Wadsworlh,  loc.  cit.         *  Hiia,  Jour.  Exp.  Med.,  vii,  1905. 

'Neufcld  and  l/aendel,  Arb.  a.  d,  Kuis.  Gesund.,  1910,  xxxiv,  293. 

•Vochei  and  Gillespie,  Jour.  A.  M.  A.,  1913,  Ixi,  727, 
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rcawna  mentioned  in  another  plaec,  the  strcptoeoecus  (kcu  pnrumoooc- 
cus)  mucoBUs.  Both  the  methotla  of  protection  and  iigglutinution  pcr- 
■  mitted  such  a  grouping.  Groups  I  and  II  are  made  up  of  urgiuiisms 
tlittt  are  respectively  identical,  since  the  members  of  each  group  n^act, 
in  protection  and  the  agglutination  experiments,  with  sera  produced 
by  individuiils  of  the  some  group.  Group  III  is  distinctive  and  repre- 
sents the  pneumococeus  mucosus,  but  immune  reactions  with  members 
of  this  group  are  very  difficult.  Group  IV  is  a  hcter<^cnpous  collection 
of  organisms  which  have  no  distinctive  characteristics,  and  each  individ- 
ual memlK^r  seems  serologically  isolated.  Thus,  the  only  groups  in 
which  exact  serological  experiments  can  be  made  arc  those  now  cla.ssi- 
fied  a.H  I  and  II.' 

In  223  ca.s<>s  of  lobar  pneumonia  Docliez  finds  the  various  tyix-s  dis- 
tributed as  follows: 

Tyixw  of  Number  Per 

Pneumococci  of  Cases  Ctnt. 

I  78  34.07 

n  75  33.(13 

m  22  9.86 

IV  48  21.52 

Total  number  of  cases         223 

Groups  I,  II  an<t  III  seem  to  be  most  freiiuenlly  ajiaoeiated  with  dis- 
ease, whereas  memb<;rs  of  (iruup  IV  are  often  found  in  the  mouths  of 
normal  people.  Groups  I,  II  and  III,  moreover,  are  found  in  -the 
sputum  of  normal  individuals  rarely  except  in  dissociation  with  tlic  dis- 
ease, but  often  in  in<lividuals  who  have  been  <:lo8ely  luisociatecl  with 
cases  of  pneumonia  and  in  convalescents.  Dochez  and  Avery  *  accord- 
ingly suggest  the  possibility  of  pneumonia  carriers  and  also  come  to  the 
conclusion  that  pneumonia  is  rarely  an  autogenous  infection  of  the  lungs 
with  the  organism  harbored  for  a  long  time  in  the  mouth,  but  is  as  a 
rule  an  infection  with  a  virulent  strain  of  pneumococcua  fnnn  without, 
carriers  fumisliing  an  important  element  in  the  transmission  fnim  pa- 
tients to  the  healthy.  Such  contagiousness  is  also  suggested  by  the 
apparent  epidemics  at  Panama  and  in  Africa,  menlioneil  in  a  preceding 
paragraph. 

Precipitins  have  been  demonstrated  in  pneumo<^oeeus  innnune  serum 

'Recently  MissOlmstend,  in  our  luborutory,  hus  ol)t:iinc<l  results  which  promise 
the  cvcntuul  subdivisioa  of  Grou|)  IV  iDto  clcfinite  divisions. 
*  Dochez  and  Avery,  Jour,  of  Expcr.  Med.,  1916,  xxi,  1 14. 
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by  Neufeld, '  Wadsworth,'  Hiss,*  and  others,  the  oi^anism  for  such  teats 
being  brought  into  solution  either  with  bile  or  with  concentrated  salt 
solution.  Such  sera  also  contain  powerful  opsonic  sul>stances,  or,  as 
Neufeld  and  Rimpau  *  prefer  to  call  them,  "  bacteriotropins. "  It  seems 
most  likely  that  such  phagocytosis-aiding  substances  are  most  power- 
fully concerned  in  protection  and  cure.  Clough  "  has  reported  an 
increase  of  opsonins  at  the  time  of  crisis,  and  Dochoz '  has  shown  that 
protective  substances  may  appear  in  the  serum  at  or  soon  after  the 
time  of  crisis.  The  outcome  of  a  case  accordii^  to  Cole  depends 
very  largely  on  the  virulence  of  the  organism  and  on  the  ability  of  the 
body  first  to  limit  the  local  infection  and  to  prevent  the  invasion  of  the 
blood  with  the  organisms.  In  this  process,  of  course,  the  protective 
and  opsonic  bacteriotropic  substances  would  play  a  most  important  part. 

The  history  of  attempts  t«  produce  sera  for  passive  immunization 
in  man  is  extensive.  Washburn,'  Mennes,'  Pane '  and  many  others 
in  the  past  have  succeeded  in  protecting  animals  with  such  sera,  but 
with  irregular  results.  The  rational  lieginning  based  on  the  recognition 
of  different  pneumococcus  tj-pes  was  made  by  Neufeld  and  Haendel  in 
Germany,  and  carrif^d  to  a  considerable  degree  of  success  by  Cole  and 
his  associates  at  the  Rockefeller  Hospital  in  New  York.  By  the  immun- 
ization of  horses  with  the  various  types  of  pneuraocoeci  mentioned 
above,  considerable  success  has  attended  the  use  of  sera  produced 
with  Type  I,  and  leas  success  but  great  promise,  that  of  sera  produced 
with  Type  II.  The  injection  of  considerai)!e  quantities  of  the  homolog- 
oas  sera  intravenously  at  least  aids  in  sterilizing  the  blood  stream,  and 
upon  this  the  eventual  outcome  of  many  cases  may  depend. 

Since  these  meth<Mls  which  at  present  seem  to  promise  the  establish- 
ment of  a  definite  specific  serum  therapy  in  this  serious  disease  depend 
upon  a  rapid  identification  of  the  type  with  which  the  patient  is  infected, 
it  becomes  a  part  of  the  work  of  tlie  bacteriologist  to  control  the  methods 
which  have  l^een  developed  for  such  determinations.  The  methods  in 
use  at  the  present  writii^  depend  mainly  upon  the  agglutination  of  the 
strains  in  homolc^ous  sera. 

I  Nei^/M.  Zcit-.  f.  HyR.,  1902,  xi.  '     '  Wadxworlh,  loc.  cit. 

'  Ilins,  Jour.  Exp.  M«l.,  vii,  1905. 

*  Neufflil  and  Rimpav,  Dent.  med.  Worh.,  1904. 

'  rtnugh,  Johns  Hopkins  Hoep.  BuU.,  Oct.,  1913. 

'  Dodiei,  Joiir,  Exp,  Mwl.,  1913. 

'  WagMnrm,  Brit.  Med.  Joiir.,  1897.  "  Mennea,  Zeit.  f.  Ilyf?.,  1S97. 

'  Pane,  Rif.  med.,  1897. 
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The  patient  is  required  to  wash  out  his  mouth  with  some  antiseptic, 
and  then  expectorate  sputum  obtained  by  coughing,  into  a  Petri  dish. 
The  sputum  is  washed  by  lifting  it  through  a  series  of  watch  glasses 
containing  sterile  salt  solution  and  is  then  ground  in  a  mortar  with  a 
little  salt  solution,  and  the  even  emulsion  so  obtained  is  injected  intra- 
peritoneally  into  a  white  mouse.  A  fine  needle  is  carefully  introduced 
upward  and  inward  from  just  above  Poupart's  ligament.  Puncture 
of  the  liver  may  be  avoided  in  this  way.  The  pneumococei  develop  in 
the  peritoneum,  and  after  4  to  S  hours  the  mouse  is  killed  and  the  peri- 
toneal cavity  carefully  washed  with  salt  solution  by  means  of  a  capillary 
pipette.  The  washings  are  placed  in  a  centrifuge  tul>e  at  low  speed  for 
several  minutes  to  bring  down  leucocytes.  The  supernatant  fluid  is 
then  centrifugalized  at  high  speed  and  the  pneumococei  so  obtained  are 
resuspended  in  salt  solution.  This  suspension  is  then  added  to  equal 
parts  of  the  sera  of  Typi-s  I  and  II  in  dilution-s  of  1  :  2 . 5  and  1  :  10,  with, 
of  course,  proper  controls  and  a  bile  test  to  determine  bile  solubility. 
A^Iutinations  can  also  be  made  later  with  broth  cultures  made  frcnn 
the  mouse's  heart's  blood  or  peritoneal  exudate. 

Protection  experiments  for  similar  determinations  can  be  carried 
out  by  the  method  shown  in  the  following  protocol  taken  from  the  work 
of  Dochez  and  Avery: 


fi7  {C.rmp  I) 

A(>9  (Croup  II) 

Dose  of 

Culture 

Con- 

Serum 

Serum 

Con- 

Serum 

Sorum 

trols 

I 

II 

trols 

I 

II 

0.1  c.c. 

Dead 

Sur- 

Dead 

Dead 

Dead 

17  bra. 

vived 

41  hrs. 

18hra. 

IShra. 

0.01 

17hrs. 

25hr8. 

18  hrs. 

Sur- 
vived 

0  001 

41hra. 

" 

41  hrs. 

IS  hrs. 

0.0001 

41  hm. 

41  hm. 

Dead 
18  hrs. 

" 

0.00001 

%hrs. 

41hra. 

18  hrs. 

" 

0.000001 

4Shrs. 

7-2  liw. 

18  hfs. 

" 

(The  ((uantities  in  c.c.  representing  dose  of  culture  refer  to  young 
broth  cultures.) 
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No  headway  tins  been  made  up  to  the  preseat  time  with  similar 
tfeatment  against  Types  III  and  IV, 

Occasional  favorable  results  have  been  obtained  by  Hiss  in  the  treat- 
ment of  pneumococcus  infection  in  animals,  and  by  Hiss  and  Zinsser' 
in  the  treatment  of  pneumonia  in  man  with  aqueous  leucocyte  extracts. 
Although  this  work  has  not  been  exteasively  followed  and  has  been  dis- 
appointing in  late  years,  there  is  no  doubt  in  the  mind  of  the  writer 
that  individual  cases  have  been  favorably  influenced.  The  writer  be- 
lieves (differing  from  an  (pinion  exprc-ised  in  earlier  papers)  that  the 
influence  of  such  leucocyte  extracts  (as,  it  might  l>c  incidentally  stated, 
he  believes  the  influence  of  intravenous  injections  of  bacteria  in  typhoid 
and  other  conditions)  consists  in  its  chemotactic  influence,  i.e.,  its  ten- 
dency to  increase  circulating  leucocytes.  The  contrast  between  the  good 
results  in  rabbits  and  the  less  striking  results  in  man  may  easily  be  due 
to  the  fact  that  in  rabljits  intravenous  injections  were  practiced, 

Diflerentiation  of  Pneumococcus  from  Streptococcus. — Pneumococci 
and  streptococci  which  do  not  differ  in  morphology  from  their  classic 
types  can  usually  be  differentiated  from  each  other  and  identified  by 
their  morpholc^ical  characters  without  difficulty;  but  it  is  equally  true 
that  certain  cultures  of  these  ■organisms,  either  at  the  time  of  their 
isolation  or  after  cultivation  on  artificial  media,  approach  the  type  of  tbe 
other  so  closely  that  it  may  lx>  impos.iiblc  to  identify  them  by  their  mjr- 
phology  alone.  When  such  morpholt^ical  variations  occur  there  are  no 
constant  cultural  or  pathogenic  charact^^rs  as  yet  demonstrated  which 
distii^ish  between  these  organisms. 

This  lack  of  distinct  cultural  differences  between  pneumococci  and 
streptococci  has  not  infrequently  led  to  confusion,  and  that  uncertainty 
should  exist  and  mistakes  i>e  made  in  identification  is  not  surprisii^ 
when  one  considers  the  characters  usually  depended  upon  to  distinguish 
pneumococci  from  streptococci.  Chief  among  these,  as  has  just  been 
implied,  are  the  morpholoji^cal  features  which  are,  in  the  case  of  pneu- 
mococci, a  slightly  lancet  or  olongate<l  form  rather  than  the  more  typical 
coccus  form  characteristic,  of  the  streptococci,  and  an  arrangement  of 
such  cocci  in  pairs  rather  than  in  chains;  added  to  these  features  is  the 
possession  of  a  more  or  less  well-defined  capsule.  All  of  these  char- 
acters are  subject  to  variation  or  may  be  absent.  Compared  with  the 
morpholo^cal,  the  cultural  characters  are  variable  and  of  minor  im- 
portance.    The  pneumococcus  colonies  on  coagulated  blood  serum  and 

'  HUa  and  Zinsser,  Jour.  Med.  Rea.,  xix,  1908. 
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on  agar  are  moister  and  flatter,  and  the  freshly  isolated  pncumococcus 
is  usually  unable  to  develop  readily  or  at  all  on  gelatin  at  below  22°  G. 
The  distinetnesa  of  the  capsule  of  the  pneumococcus  in  the  IxKly 
fluids  of  man  and  animals  and  on  blood  scrum,  milk,  or  si^rum  agar, 
has  been  depended  upon  as  the  cliicf  distii^uishing  an<l  dia^ostic 
character.  Nevertheless,  iiMtances  have  l>een  reported  of  distinct  capH 
sule  formation  by  organisms  which  had  either  iieen  previously  iden- 
tified as  Streptococcus  pyogenes,  or  at  the  time  of  their  isolatoin  eoiild 
not  be  definitely  identified  as  lx<longing  to  this  group  or  to  the  pneu- 
mococci,  but  were  considered  interme<liate  in  character.' 

■  Brief  Di>Hcri|ition  of  OrKanisms  Rcpiirtcil  an  Cupsulat^^  Sl.replococri. — Biirdpt 
(Uordel,  Ann.  de  I'inst.  PusUnir,  1897,  xi,  p.  177),  working  with  an  oi^niitm  prcviouwly 
identified  as  Klroptococcue  pyoKcncs,  denrribnl  sucii  capeule  formation  occurriitK  in 
the  peritoneal  exudate  of  infected  rabbits. 

Schucli'  (fichucU,  Cent.  f.  Bakt.,  Ret.  1,  18S7,  p.  393)  Diploki.kkua  iIpp  Bnist- 
Beuehe  dor  Itcrdc,  PocIh  and  Nolcn's  (/'ocis  und  JV^ofcn,  Fort.  d.  Med.,  iv,  ISSfi,  p.  217) 
Btrei>to(ioceua  of  contajuoua  pnenmcwia  of  cattle,  and  pspcciftlly  the  orKanimn  de- 
Beribe<l  by  Bonome  (Bonome,  Zieglcr's  Beit.,  viii,  1890,  p.  377)  as  Streptococcus 
der  meninKilin  ccrcbrOBpinalis  epidcmica,  may  all  be  kioked  upon  as  organianB 
difTiTpntiated  on  imtecure  grounds  from  cither  pneiimococeutt  or  Rtrcptocoei^iis.  Ilie 
firHt  two  of  these  orKanianiH,  however,  are  aaid  to  be  decolorized  by  Gram'K  meliiod, 
and  as  HUg^PKl-ed  by  FroBch  and  Kollc  {Frnsch  und  KiAk,  Fliime'a  "Mikr(w>rganiii.," 
ii,  1896,  p.  161),  in  the  case  of  Schuetz'  organism  may  belong  to  a  group  int^ 
mediate  between  Fraenkel's  <liplococcu3  and  the  chieken-oholera  t?«up. 

Tavel  and  Krumbein  (Tai>d  und  Krumhein,  Cent.  f.  Bakt.,  xviii,  1895,  p.  547) 
d»MTibe  a  Hlreptococcue  with  a  eapwulc,  which  was  isolakd  from  a  small  abxress  on 
the  finger  of  a  child.  Capsules  were  also  preftent  in  the  artifieial  eulturex,  and  al- 
though ordinarily  remaining  uncolored,  could  be  ntoined  by  T/>cffler's  flagella  stain. 
This  organism  was  said  ta  be  difTcrentiated  from  Fraenkel's  diplococcux  and  also  in 
general  from  etreptococcus  (pyogenes)  by  a  rapid  and  rich  growth  on  gelatin,  aKor, 
an<l  potato.  A  pellicle  was  formed  on  broth.  The  oncanisme  forming  this  pdlicie 
had  capHulcfl,  but  thotie  in  the  deeper  portions  of  Ihe  broth  generally  lacked  it. 

In  1897,  Bin^i  (.liinaghi.  Cent.  f.  Bakt.,  xxii,  1897,  p.  273)  dcseribed  a  c&p- 
HuLitetl  streptococcus  ihoLilcd  from  a  guinea-pig  dead  of  a  spiinlaneoiis  peribron- 
chitis and  multiple  j)ulmoiiary  abseiwieH.  In  the  pu-s  were  found  some  diplococei  and 
short  chains  (four  to  six)  surrounded  by  a  capsule,  shown  by  staining  with  carbol 
fucbsin.     This  organism   he   proposes   to  call  iStrcptococeus  capsulatus. 

Ije  Roy  dca  Barrcs  and  Weinberg  in  1899  (Le  Roy  des  Barret  et  Weinberg,  Arch, 
d.  mM.  exp^r.,  xi,  1899,  p.  399)  publishe<l  an  account  of  a  atreptococeus  with  a 
capHule.  This  was  isolated  from  a  man  who  had  apparently  been  infected  from  a 
horse  which  had  died  of  an  acute  intestinal  disorder.  The  patient  neglected  the 
infection  and  died.  Diptococci  and  short  chains  furnished  with  a  capsule  were 
found  in  the  subcutaneous  tissue  at  the  area  of  infortion.  The  blood,  liver,  and 
spleen  also  contained  these  organisms.  The  capsule  in  all  the  prepanitiona  remained 
uncolored,  but  the  authors  say  that  its  existence  was  not  to  be  doubted.    Ascitic 
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There  are  occ&biooe,  then,  both  within  the  animal  body  and  in  arti- 
ficial cultivations,  when  it  b  practically  impossible  to  distii^^isb  defi- 
nitely between  some  races  of  pneumococci  and  races  of  streptococci. 
This  difficulty  is  especially  heightened  when  the  pneumococcus  has 
become  non-virulent,  and  at  the  same  time  no  very  typical  morphology 
or  capsule  formation  is  to  Iw  determined  and  a  tendency  to  chain-forma- 
tion is  marked.  Cultures  of  pneumococci  in  such  condition  can  not 
readily  t>e  distinguished  morpholt^icaliy  from  streptococcus  cultures. 

Under  these  circumstances  rocourse  nmst  be  had  to  a  careful  bio- 
logical study  of  the  organism  in  qu(«tion.  Tlie  following  arc  the  criteria 
mainly  n4ird  upon  at  present  for  the  differentiation  of  these  two  groups. 

Pneumococc^i  ferment  inuhn,  If  cultivated  in  inulin-serum-water  me- 
dium. Acid  formation  from  the  inulin  results  within  two  days  or  more 
in  coagulation  of  the  serum  and  reddening  of  the  litmus.  Streptococci  be- 
cause of  their  inaliility  to  attack  the  inulin  leave  the  medium  unchanged.* 

broth  inocukud  from  Ihc  peritoneal  exudate  of  &  rabbit  dying  from  the  infection 
gave,  streptococci  in  extremely  long  chains  and  amrounded  by  capaiiles.  These  were 
not  so  distinct  as  in  the  case  of  the  organisms  in  the  original  smear  preparations. 
All  fluid  media  (bouillon,  milk,  and  ascitic  broth)  were  said  to  be  strongly  iuid  aflnr 
twenty-four  hours.  Thmc  authors  report  that  Achard  and  Marmorck  have  aasured 
them  that  they  have  seen  capsulaled  Htrcpti>cocci,  and  thai  Marmorck  showed  them 
some  preparations  in  which  one  of  his  etrcptococci  presented  the  same  characters  aa 
tiiat  isolated  by  them. 

Although  Le  Boy  dcfi  Barrc8  and  Weinberg  have  used  the  l«rm  encapsulated, 
ttiey  believe  that  it  woulil  perhaps  be  more  prudent  to  call  their  organism  strepto- 
coque  aureole,  sinee  they  were  not  able  to  define  this  capsule  by  staining  it. 

Howard  and  Perkins  (lloicard  and  Perkins,  Jour.  Med.  Res.,  lOOlj  iv,  p.  163) 
have  lately  described  an  organism,  probably  of  the  foregoing  type,  which  was  present 
in  a  tubo-ovarian  abscete  and  in  the  peritMicitl  exudate,  the  blood,  and  some  of  the 
orKODs  of  a  woman  dying  in  the  Lakc«idc  Hospital,  Cleveland,  Ohio.  The  oi^niiims 
were  biscuit-shaped  cocci  in  pairs,  usually  arranged  in  chains  of  four,  six,  eight, 
or  twenty  elements,  and  surroundoil  by  a  wide  and  sharply  stmning  capsule.  In  the 
artificial  cultures  speciiil  capsule  stiuns,  it  was  nol<^<l,  failnt  to  slain  any  definite  area, 
but  numHWis  small  deeply  stained  granukw  were  to  be  seen  within  the  halo,  eepe- 
rially  near  its  outer  border.  Howard  and  Perkins  propose  for  the  group  composed  of 
the  strcptococd  of  Bonomc,  Binaghi,  and  their  own  organism,  the  name  Strepto- 
coecuB  mucoBus.  Streptococci  isolated  from  cases  of  epidemic  eore-throat  have  also 
shown  capsules  (p.  343). 

Reference  to  the  original  descriptions  of  these  various  capaulated  streptococoi 
will  show  that,  with  tlie  exception  of  a  rather  poorly  stwning  capsule,  the  majority  of 
these  or^QiniBms  are  separated  from  the  typical  Streptococcus  pyogenes  or  from  the 
pncumocor«UB  by  exceedingly  slight  and  unstable  morpholt^cal  and  cultural  char- 
acters.   This  is  true  of  the  difference  in  their  pathogenic  aclion  in  animals. 

>  HUt,  Cent.  f.  Bakt.,  xxxi,  1902;  Jour.  Exp.  Med.,  vi,  1905. 
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Cultivated  on  whole-blood-^ar,  Btreptococci  usually  cause  hemo- 
lysis, pneumococci  usually  do  not.'  In  contradistinction  to  Streptococ- 
cus viridans  which  does  not  hemolyzc,  pneumococci  have  a  tendency  on 
these  media  to  form  the  black,  dry,  paint-blister  colonies.* 

Neufeld,'  in  1900,  noticed  that  normal  rabbits'  b1lc  added  in  quan- 
tities of  O.I  c.c.  to  each  one  or  two  cubic  centimeters  of  a  pneumococcus 
broth  culture  caused  lysis  of  the  bacteria,  rendering  the  cuHuro  fluid 
transparent  and  clear.  This  does  not  occur  with  streptococci,  an<i  has 
been  used  to  differentiate  the  two  species,  Accordii^;  to  Libman  and 
Rosentlial,*  great  reliance  may  be  placed  upon  thb  method. 

The  most  coavenient  reagent  for  use  in  the  Neufeld  bile  t«rt  is  a 
10  per  cent  solution  of  sodium  taurocholate  in  physiological  salt  solution. 
This  should  be  sterilized  or  kept  on  ice.  One-tenth  volume  of  such  a 
solution  produces  prompt  lysis  in  a  broth  culture  of  pneumococci. 

Decisive  differential  importance  may  be  attached  to  the  agglutina- 
tions of  these  microorganisms  in  immune  sera  (see  p.  364). 

The  permanency  of  the  various  types  in  the  pneumococcus-etrepto- 
coccuB  group  is  still  open  to  question.  E.  C.  Rosenow  *  has  recently  re- 
ported that  he  has  transmuted  typical  pneumococci  into  typical  hemo- 
lytic streptococci  by  methods  which  he  lias  not  as  yet  fully  described,  but 
among  which  were  animal  pa-ssage,  growth  in  symbiosis  with  bacillus 
Bubtilis,  and  growth  in  an  atmosphere  of  oxygen.  The  pneumococci 
when  first  altered  took  on  the  characteristics  of  the  streptococcus 
viridans,  later  of  the  so-called  streptococcus  rhcumaticus,  and  finally 
of  streptococcus  hcmolyticus.  Together  with  cultural  characteristics 
the  pathogenicity  of  these  various  strains  for  rabbits  changed.  The 
pneumococcus  produced  acute  sepsis,  the  streptococcus  viridans  caused 
endocarditis,  the  streptococcus  rheumaticus  periarticular  or  serous 
arthritis,  and  hemolyticus  suppurative  arthritis.  In  intermediate  stage 
the  organisms  quite  regularly  caused  myositis.  Although  he  was  able 
to  transmute  these  types  one  into  the  other  in  both  directions,  Roee- 
now  believes  that  the  cultural  characteristics  of  each  type  correspond 
to  a  fairly  definite  type  of  pathogenicity  in  animals  and  man.  This 
work  has  not  as  yet  appeared  in  detail  and  has  not  been  confirmed. 

•  5cAc«m«Uer,  Miincli.  med.  Woch. 
•//m«,  Jour.  Exp.  Med.,  vii,  1905. 

•  Neufeld,  Zeit.  f.  Hyg,,  1901. 

•  Libman  and  Roimithal,  Proc.  N.  Y.  Piith.  Soc.,  MatiA,  1908. 
*Botenow,  J.  A.  M.  A.,  1013,  Ixi,  a»7. 
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MICROCOCCUS  INTRACELLULARIS  MENINGITIDIS 
(MENINGOCOCCUS) 

Infectious  processes  in  the  meninges  may  be  caused  by  many  dif- 
ferent microorganisms. 

Meningitis  may  be  primary  or  secondary.  Secondary  meningitis 
may  often  occur  during  the  course  of  pneumonia,  when  pneumoeocci, 
rarried  to  the  meninges  by  tho  blooti  stream,  give  rise  to  a  usually  fatal 
form  of  the  disease.  More  rarely  a  similar  process  may  occur  as  a 
serondarj'  manifestation  of  typhoid  fever  or  influenza.  Meningitis  may 
also  result  secondarily  by  direct  extension  from  suppurative  lesions  about 
the  skull,  such  as  those  occurring  in  diseases  of  the  mitidle  ear  or  frontal 
sinuses  or  after  compound  fractures.  In  such  cases  the  invading  or- 
ganisms arc  usually  staphylococci,  streptococci,  or  pneumoeocci. 

Isolated  cases  of  meningeal  infection  with  B.  coli,  B.  paratyphosus, 
Bacillus  pestis,  and  Bacillus  mallei  have  been  reported.  A  frequent, 
more  chronic  form  of  the  disease  is  caused  by  Bacillus  tuberculosis. 

Primary  acute  meningeal  infection,  however,  is  due  chiefly  to  two 
microorganisms,  Micrococcus  i ii trace II ul arts  meningitidis,  and  the  pneu- 
mococcus. 

A  tabulation  of  the  comparative  frequency  with  which  the  various 
microorganisms  are  foun<l  in  the  meninges  has  been  attempted  by 
Marschal.'  This  author  estimates  that  about  69.2  per  cent  of  all 
acute  cases  are  due  to  the  meningococcus,  20,8  per  cent  to  Diplococcus 
pneumoniae,  and  the  remaining  10  per  cent  to  the  other  bacteria 
mentioned. 

The  cases  caused  by  the  pneumonoccus  and  the  other  less  frequent 
incitants  usually  occur  sporadically.  \\'hen  the  disease  occurs  in  epi- 
demic form,  it  is  almost  always  <lue  to  the  meningococcas. 

Diplococcus  intracellularis  meningititlis  was  first  seen  in  menin- 
geal exudates  by  Marchiafava  and  Oelli'  in  1SS4,  These  authors  not 
only  described  accurately  the  morphological  characteristics  now  recog- 

•  Marschal,  TUsa.  Straflsburg,  1901,  Quoted  from  Weichaelbaum,  in  Kolle  und 
WamcrmaDP,  "  Handbuch." 

>  Marchiafava  and  Celli,  Gaz.  deglj  ospedali,  8,  1884. 
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nizod,  but  also  called  attention  to  the  intracellular  position  of  the  micro- 
organism and  to  ita  gonococcus-llkc  appoaranee.  They  failed,  however, 
to  cultivate  it. 

Observationa  confirmatory  of  the  Italian  authors  were,  soon  after, 
made  by  Leichtenstem.^  Cultivation  and  positive  identification  as  a 
separate  species  was  not  .accomplished,  however,  until  Weichselbaum  ,' 
in  1887,  reported  his  observations  upon  six  cases  of  epidemic  cerebro- 
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spinal  meningitis  in  which  ho  not  only  found  the  cooci  morphologically, 
but  was  able  to  study  their  biological  (;haractcriHti<'s  in  pure  cultun:. 
The  re»ear<!he,s  of  Weichselbaum  were  soon  confirmed  an<l  exteiidctl 
by  elaborate  studicH  *  which  left  no  doubt  as  to  the  specific  relationship 
between  the  microorganism  cultivated  by  him  and  the  clinical  condition. 

'  Ijrirktenslem.  l)eul.  niinl.  Woch.,  1885. 
'  Wrii-hgeOtaam,  Fort.  li.  Med.,  1SS7. 

'Cuuncilman,  MaUury.  aaA  ITnifAI.  S|>ecial  ilrp.  Mass.  Boaid  o(  Health,  1S9S; 
Albnrht  und CAon.  Wien.  fclin.  Wfwh..  I!WI. 
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MoipholagT  BDd  Staining. — Stained  in  the  spinal  fluid  from  an  in- 
fected patitJiit,  the  meningococcus  bears  a  striking  similarity  to  the  gon- 
0COCCU3,  The  microorganisms  appear  intra-  and  extraccUularly,  usually 
in  diplococcus  groups,  sometimes  as  tetrath,  or  even  in  larger  agglomer- 
ations. The  individual  diplo-forma  are  flattened  on  the  sides  facing  each 
other,  presenting  somewhat  the  biscuit-form  of  the  gonococcus.  The 
variation  in  size  of  the  cocci  in  the  same  smear  is  a  noticeable  feature 
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Fm.  78. — Meninoococccs  in  Spinal  Fluid 


and  (if  some  diagnostic  importance.  This  dissimilarity  in  size  is  notice- 
able aLso  in  cultures,  which,  especially  when  older  than  twenty-four 
hours,  contain  forms  double  or  even  triple  the  size  of  the  average  coccus. 
These  may  possibly  be  involution  fonus. 

The  meningococcus  is  non -motile  and  non -spore  forming.  It 
stains  easily  with  all  the  usual  aqueous  aniiin  dyes.  Its  behavior 
toward  Gram's  stain  was  long  a  subject  of  controversy,  owing  to  the 
error  of  Jaeger,'  who  claimed  to  have  found  it  Gram-positive.    There 


'  Jaeger,  Zeit.  f.  llyg., 


r,  1895. 
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is  no  queHtion  now,  however,  that  the  cocci  decolorize  by  Gram's  method 
when  this  is  carefully  carried  out. 

Id  spinal  fluid  very  beautiful  preparations  may  be  obtained 
by  staining  in  Jenner's  blood  stain.  Councilman,  Mallory,  and 
Wright '  were  the  first  to  notice  that,  when  stained  with  Loefflcr's 
mcthylenc-blue,  meningococcus  stains  irregularly,  showing  metachro- 
matic granules  in  the  center  of  the  coll  bodies.  These  granules  can  be 
demonstrated  more  clearly  with  the  Neisscr  stain  employed  for  similar 
demonstration  in  the  case  of  B.  diphtherije  (see  p.  107)  and  have  some 
value  in  differentiating  meningococcijs  from  gonococcus. 

OaltiTatioB. — Micrococcus  intraccUularis  meningitidis  grows  readily 
upon  all  the  meat-infusion  culture  media.  It  may  even  be  culti- 
vated upon  meat-extract  media,  but  growth  ujwn  these  is  not  profuse. 
Upon  agar,  colonies  appear  within  eighteen  to  twenty-four  hours  &3 
grayish,  glistening  spots  with  smooth  edges  and  raised  granular  eenters. 
These  show  a  tendency  to  enlargement  and  eventual  confluence. 

Growth  ia  more  luxuriant  and  rapid  upon  media  to  which  animal 
proteid  in  the  form  of  blood  serum  or  ascitic  fluid  haa  been  added.  Co- 
agulated serum  is  not  liquefied.  For  cultivation  of  the  meningooocei^ 
directly  from  the  human  body  it  is  wise  to  use  the  richer  scrum  or  blood 
media,ability  to  grow  easily  upon  simple  agar  being  occasionally  aequired 
only  after  previous  cultivation  upon  richer  media.  Agar  to  which  whole 
rabbit's  blood  ha«  been  added  forms  an  excellent  medium,  both  for  cul- 
tivation and  for  keeping  the  organism  alive.  Loefflcr's  blood  serum 
is  aleo  very  favorable.  It  is  advisable,  too,  when  cultivating  directly 
from  spinal  fluid,  to  plant  rather  largo  quantities  (1  to  2  c.c.),  since 
many  of  the  cocci  in  the  exudate  will  fail  to  develop  colonics,  possibly 
because  of  their  prolonged  exposure  either  to  the  body  fluids  or  to  their- 
own  products  in  a  closed  space. 

Upon  brolh,  growth  is  slow  and  takes  place  chiefly  upon  the  surface, 
the  sediment  consisting  mainly  of  dead  bacteria.  Glucose  added  to  agar 
or  to  broth  renders  the  medium  more  favorable  for  rapid  growth,  but, 
owing  to  acid  fonnation,  tends  to  cause  a  more  rapid  death  of  the  culture. 
In  flasks  of  broth  containing  glucose  one  per  cent,  and  CaCO,  one  per 
cent,  however,  cultures  have  been  kept  alive  for  as  long  us  fourteen 
months  (Hiss).  On  mUk,  growth  takes  place  without  coagulation 
of  the  casein.  Potatoes  are  not  a  favorable  medium,  though  growth 
occasionally  takes  place. 

•  CouncUman,  MaUorj/,  aod  Wright,  R«p.  Masa.  State  Bd.  of  Health,  1898. 
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While  slight  alkalinity  or  acidity  does  not  inhibit,  the  most  favor- 
able reaction  of  media  is  neutrality. 

Oxygen  is  necessary  for  development.  Complete  anaerobiosis,  while 
not  absolutely  inhibitory,  is  extremely  unfavorable,  unless  proper 
carbohydrates  be  present. 

While  growth  may  take  place  at  temperatures  ranging  from  25° 


Fio.  79. — Meninoococccs  Coi/turb.      Streak   pultiiie  from  Kpinal   fiuid  on 
Benim  agar-piate. 

to  42°  C,  the  optimum  is  37.5°  C.  Apart  from  the  remarkable  viability 
<lisplaye(I  upon  calcium-carbonate  broth,  the  average  length  of  time 
during  which  the  meningoooccus  will  remain  alive  without  transplanta- 
tion is  rather  short.  Recently  isolated  cultures  grown  on  agar  or  serum- 
agar  may  die  within  two  or  three  days.  Accustomed  to  artificial  cul- 
tivation through  a  number  of  generations,  however,  the  cultures  become 
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more  hardy  and  transplantation  may  safely  be  delayed  for  a  week  or 
even  longer.  Albreeht  and  Ghon '  have  kept  a  culture  alive  on  agar 
for  one  hundred  and  eighty-five  days.  It  is  a  strange  fact  that  after 
prolonged  artificial  cultivation  some  strains  of  meningococcus  may 
gradually  lose  their  growth  energy  and  finally  be  lost  because  of  their 
refasal  to  develop  in  fresh  transplantn.  Storage  is  b('.st  carried  out  at 
incubator  temperatures.  At  room  temperatures  or  in  the  ice  chest, 
the  diplococcua  dies  rapidly.' 

Resistance- — The  meningococcus  is  killed  by  exposure  to  sunlight  or 
to  drying  within  twenty-four  hours.'  It  is  extremely  eenative  to  heat 
and  cold  and  by  the  common  disinfectants  is  killed  in  high  dilutions 
and  by  short  exposures.  At  0°  C.  it  usually  dies  within  two  or  three 
days.        < 

Pathogenicity' — Ah  stated  above,  the  form  of  meningitis  caused  by 
the  diplococcua  of  Weichselbaum  occurs  usually  in  epidemics,  though 
isolated  sporadic  cases  arc  seen  from  time  to  time  in  all  crowded  com- 
munities. Epidemics  have  betm  numerous  and  widespread,  and  their 
records  far  antedate  the  discovery  of  their  causative  agent.  As  a  rule, 
these  epidemics  have  occurred  during  the  winter  and  spring  months, 
and  have  attacked  chiefly  that  part  of  the  population  which  is  forced  by 
poverty  to  live  in  crowded  unhygienic  surroundings.  The  manner  in 
which  the  microorganism  enters  the  human  body  is  atill  a  subject  for 
investigation.  Weichselbaum,*  Cihon  and  PfoifEcr,'  an<l,  more  recently, 
Goodwin  and  v.  ShoUy  *  of  the  New  York  Department  of  Health,  have 
8ucceede<l  in  demonstrating  (■ulturally  the  pi-esence  of  the  meningot-or- 
cus  in  the  nasal  cavities,  not  only  of  patients  suffering  from  the  disease, 
but  occasionally  in  those  of  healthy  subjects  as  well  Similar  fimlings 
have  been  reported  by  many  others;  but  in  man\  eases  morphological 
examination  only  was  made,  which,  owmg  to  the  (Unger  of  confusion 
with  Micrococcus  catarrhalis,  a  frequent  mhabitant  of  the  nose,  renders 
such  reports  valueless.  The  cai-eful.work  of  the  writers  nentioned,  how- 
ever, has  given  ground  for  the  theory  that  meningeal  infection,  which  is 

^Albrechl  unO  Ghon,  Wien.  klin.  Woch.,  1901. 

'  A  very  thorough  biological  study  of  meningococcus  and  related  organisms  has 
recently  been  mmle  by  Elser  and  llvniovn  (Jour.  Med,  Res.,  N.  S.  vol.  xv.  1999). 
which  may  be  consulted  for  a  more  detailed  deseriptoon  of  cultural  characteristics. 

'CouncUnum,  Mallory,nnd  Wright,  Maalon   1898;  AUtreckt  and  Ohon,  lots.  dt. 

*  Weichselbaum,  Fort,  d,  Meil,,  1S87. 

•(7Ao»  and  P/eiffr,  7xit.  f.  klin.  Med.,  xRv.  1901. 

«Ooorfu'i» -und  V.  ShuUy,  Jour.  Inf.  Dis..  Sunpl.  2.  Feb.,  1906. 
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often  preceded  by  nasal  catarrh,  may  take  place  along  the  paths  of  the 
lymphatics,  passing  out  of  the  nose  and  its  accessory  cavities  toward'the 
base  of  the  skull.  These  facts,  together  with  the  low  resistance  shown 
by  the  meningococcus  against  drying,  and  the  general  failure  so  far  to 
demonstrate  it  in  air,  dust,  or  fomites,  would  seem  to  indicate  that  trana- 
mlssion  usually  occurs  directly  from  one  human  being  to  another. 

The  disease  produced  in  man  consists  anatomically  in  a  suppurative 
tesion  of  the  meninges,  involving  the  baue  and  cortex  of  the  brain  and  the 
surface  of  the  spinal  cord.  The  nature  of  the  exudate  may  vary  from  a 
slightly  turbid  serous  fluid  to  that  of  a  thick  fibrinous  exudate.  In 
chronic  cases  encephalitis  and  dilatation  of  the  ventricles  may  take 
place.  Apart  from  their  presence  in  the  meninges  and  in  the  naso- 
pharynx, meningococci  have  not  been  satisfactorily  demonstrated  in 
any  of  the  complicating  legions  of  the  tliHease.  Reports  of  their  presence 
in  the  conjunctiva,-,  in  the  bronchial  secretions  from  broncho-  or  lobar 
pneumonia,  and  in  otitis  media,  have  usually  been  baaetl  upon  insuf- 
ficient bacteriological  evi<lenco. 

The  occurrence  of  this  micraorgamsm  in  the  circulating  blood  of  men- 
ingitLs  cases  has  been  definitely  proved  by  Elser,'  who  found  it  in  ten 
cases. 

Animals  are  not  very  susceptible  to  infection  with  Diplococcus 
meningitidis.  Subcutaneous  inoculation  is  rarely  followed  by  more 
than  a  local  reaction  unless  large  quantities  are  used.  White  mice  are 
rather  more  susceptible  than  other  species.  Intraperitoneal  and  intra- 
venous inoculation  of  sufficient  quantities  usually  results  in  the  death 
of  mice,  rabbitt,  guinea-pigs,  and  dogs.  Occasional  strains  have  been 
foun<l  to  possess  a  not  inconsiderable  degree  of  toxicity  for  rabbits, 
grave  symptoms  or  even  lieath  following  intravenous  injet'tionof  but 
moderate  quantities  without  any  traceable  development  of  the  micro- 
organisms in  the  organs  of  the  animaLs. 

.Similar  observations  have  been  made  by  Albrecht  and  Ohon,*  who 
succeeflod  in  killing  white  mice  with  dead  cultures.  It  would  seem 
therefore  that  the  effect  of  this  coccus  upon  animals  depends  chiefly 
upon  the  poisonous  substances  contained  in  the  bacterial  bodies  (endo- 
toxins). I.epibrre*  has  obtained  the  meningococcus  toxin  by  alcohol 
precipitation  of  broth  cultures. 

Weichselbaum  himself  succeeded  in  producing  m<mingeal  suppura- 

'  EUer,  Jour,  Med.  Res.,  iriv,  1906. 

'  Albrecht  und  Ghmt..  loc,  cit. 

•  Lepterre,  Jour,  clephys.  Pt  de  path,  g^n.,  v,  No.  3. 
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tion  and,  in  one  case,  brain  abscess,  by  subdural  inoculation  of  dogs. 
Councilman,  Mallory,  and  Wright '  produced  a  disease  in  many  re- 
spects simitar  to  the  human  disease  by  intraspinous  inoculation  of  a 
goat.  Recently,  Flexner "  has  succeeded  in  producing  in  monkeys  a 
condition  entirely  analogous  to  that  occurring  in  human  beings. 

Agglatination. —Immunization  of  animals  by  repeated  inoculations 
of  meningococcus '  results  in  the  formation  in  the  blood  serum  of 
agglutinins.  Kolle  and  Wassermann*  obtained  from  horses  a  serum 
which  had  an  agglutinating  value  of  1  :  3,000  for  the  homolt^ous 
strain,  and  of  as  much  as  1  :  !j'M  for  other  true  meningococcus 
strains.  Similar  experiments  by  Dunham '  and  others  have  provwl  the 
untiuestionable  value  of  agglutination  for  species  identification  of  this 
group,  tireat  differences  may,  however,  exist  between  individual 
races  in  their  agglutinability  in  the  same  immune  serum. 

Kutscher  has  i-econtly  called  attention  to  the  fact  that  strains 
which  can  not  be  agglutinatetl  in  specifie  sera  at  37°  C.  will  often  yielJ 
positive  re.-fults  when  subjected  to  r»:j°  C,  a  fact  of  some  practical  im- 
portance if  confirmed, 

p;iser  and  Huntoon  'have  .shown  that  in  the-serum  of  infected  human 
subjects  agglutination  of  sorno  strains  takes  place  in  dilutions  as  hi^ 
as  1  :  400. 

Serum  Therapjr  of  Menlncttis.— During  recent  years,  attempts  have 
been  made  to  treat  epidemic  meningitis  by  injections,  subcutaneous 
and  intraspinous,  of  meningocoecus-immune  serum.  Wassermann,'  in 
1907,  reported  results  of  such  treatment  in  one  hundred  and  two  patienla, 
with  a  recovery  of  32.7  per  cent.  The  serum,  manufactured  by  Was- 
sermann  and  his  associates,  was  obtained  from  horses  immunized  with 
cultures  of  meningococcus  and  with  toxic  meningococcus  extracts. 
More  recently  Flexner  and  Jobling  *  have  used  a  similar  serum  in 
the  United  States  with  apparently  excellent  results.  The  serum,  in 
Flexner's  cases,  as  in  the  technique  of  Jochmann,  is  injected 
intraspinously  after  a  quantity  of  spinal  fluid  had  been  withdranii. 
The  cases  treated  by  Flexner  and  Jobiing's  method  have  now  reached 

>  Couticilman.  Mallory.  and  Wright,  loc.  eit. 

>  FleTuer,  Jour.  Eip.  Meil.,  1906. 

»  Albrfcht  and  Ghon,  Wlen.  klin.  Woch.,  1901. 

'  KMe  und  WaxufTmann.  Deut.  mml.  Woch.,  15,  1906. 

*  Dunham.  Sow.  Inf.  Dis..  II.  1907. 

•  Elter  and  Huntixm.  \na.  eit. 

'  Wataermann.  Deut.  :n«l.  WmK.  .19. 1907. 

■  FUxner  and  JobUng,  Jour.  K.\per.  Medl,  x,  190S. 
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lar^  numbers,  both  in  this  and  foreign  countries  and  the  value  of  the 
serum  as  a  therapeutic  agent  seems  firmly  established. 

Hiss  and  Zinsser  '  have  treated  a  number  of  meningitis  patients  with 
subcutaneous  injections  of  leucocyte  extracts  and  beheve  that  they  have 
favorably  influenced  the  course  of  the  di.iease. 

Pggndomfliiiiigococcaa. — Elscr  and  Huntoon '  have  described  a  diplo- 
coccua  very  similar  to  the  meningocoecus  which  they  difTerentiated 
from  it  onJy  by  serum  reactions.  This  diplococcus  could  be  identified 
only  by  agglutinin  absorption  tests.  They  named  it  pseudomeningo- 
coccus, 

ParameningococcnB. — Dopter  *  described  a  Gram-neftative  diploeoe- 
cus  which  was  identical  with  meningococcus  in  its  cultural  and  fer- 
mentative characteristics.  It  failed  to  give  agglutination  and  pre- 
cipitation reactions  in  anti-meningitis  serum,  though  it  did  give  a 
complement-fixation  reaction.  These  organisms,  at  first  isolated  from 
normal  throats,  have  since  been  found  in  the  spinal  fluid  of  cases  of 
meningitis.  In  a  recent  study  of  strains  fnHn  meningitis  Amoss  and 
Wollstein  found  that  besides  the  two  distinct  types — normal  menin- 
gococci and  parameningococci — there  were  a  number  of  intermediate 
varieties.  Olmstead  and  Dubois*  and  Neal  and  Schweitzer'  also  found 
marked  antigenic  differences  among  the  strains  of  meningoeoeei  which 
they  studied.  The  use  of  representatives  of  each  of  the  types  of 
meningococci  and  parameningococci  has  been  found  essential  for  the 
production  of  a  potent  anti-meningitis  serum. 

■  Hist  and  Zinmer,  Jour.  Med.  Rea.,  Nov.,  1008. 

*  Blaer  and  HimUxm,  Jour.  Med.  Res.,  xxi,  1909. 

'  Dopier,  "Conte  Rendu  de  la  Soci6t^  de  Biolonie,"  1909,  Ixvii,  p.  74, 
*(HmtUad  and  Dubois,  Jour.  Exper.  Med.,  jodii,  p.  403. 

*  Netd  and  SdmeUzer,  Jour,  of  Immunol.,  1916,  i,  p.  307. 
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CHAPTER  XXV 

DIPLOCOCCHS     GONORRHffi*     (GONOCOCCUS),    MICROCOCCUS 
CATARRHALIS,    AND    OTHER     GRAM-NEGATIVE    COCCI 

DIFLOOOCOtTS  OOMOIffiH<E£ 

Neisser,'  in  1870,  dcscribeti  ciiplocooci  which  In;  had  found  regiilariy 
in  the  purulent  secretions  of  acute  cases  of  urethritis  and  vaginitis  and 
in  tlie  acute  cbnjunctivitis  of  the  new-boni.  His  rescarelies  were  purely 
morphological,  as  were  the  numerous  confirinatoiy  investigatioiia  which 
rapidly  followetl  his  announcement. 

Cultivation  of  this  diplococcus,  nowusuuUy  spokcnof  as  gonoiMccus, 
was  not  definitely  euccesKful  until  1SS5,  when  Hunim '  ohtainetl  growth 
upon  tubes  of  coagulated  human  blood  semm.  Bumm  was  not  only 
able  to  keep  the  organisms  alive  by  transplantation  in  pure  culture,  but 
produced  the  disease  by  inoculation  of  his  cultures  upon  the  healthy 
urethra, 

HoiphologT  and  Staining. — The  gunococcus  is  usually  scon  in  the 
diplococcus  form,  the  pairs  being  charaetoristically  flattened  along  the 
surfaces  facing  each  other.  This  gives  the  cocci  a  peculiar  coffee-bean 
or  biscuit  shapn.  The  size  of  the  diploforms  is  about  1.6  micra  in  the 
long  diameter,  about  fl.S  micron  in  wiiUh.  Stained  directly  in  gonorrheal 
pus  from  acute  cas<'s,  the  microorgani.snis  are  found  both  intra-  and 
extracellularly,  a  large  number  of  them  crowd(Ml  characterLstically 
within  the  leucocytes.  They  arc  never  found  within  the  nucleus.  The 
phagocytosis  which  pronfuces  this  picture  has  l>ccn  shown  by  St^holtz ' 
and  others  to  take  place  in  the  frcn;  secretions,  not  in  the  ilepth  of  the 
tissuf.'s.  The  intracellular  position,  which  is  ()f  considerable  diagnostic 
iinjwrtance,  is  lost  to  a  great  (extent  in  secn^tions  from  chronic  cases. 
In  smears  made  from  pure  cidtures  the  iirrangi;ment  in  groups  of  two 
may  often  be  less  marked  than  ui  pus,  clusters  of  eight  or  more  being 


■  Neisicr,  Cent.  f.  d,  med.  Wiss.,  1879. 

"  Bumm,  "  Beitr.  t.  Kenntniss  des  GonococciiB,"  Wiesbaden,  1 

•  ScAoto,  Arch.  f.  Dermat.,  1899. 
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The  gonococcus  is  non-motilo  and  does  not  form  spores.  It  is  easily 
staintnl  with  aqueous  nnilin  djTS.  Methylene-blue  alone,  or  eosiu 
followetl  by  niethylene-blue,  give  good  results.  An  excellent  picture 
is  obtained  with  the  Paj)penheiviSaatkof  stain  consisting  of 

Methyl  green 0. 15 

Pyronin 0.5 

%%  alcohol 5.0 

Glycerin 20.0 

2%  caitolio  acid  water  od 100.0 

Fix  stain  1-2  min. 

Gram's  method  of  staining,  however,  is  the  only  one  of  differential 
value,  gonococcal  l)eing  Gram  negative.  The  Gram  stain  applied  to 
pus  from  the  male  urethra,  while  not  absolutely 
reliable,  is,  for  practical  purposes,  sxifficiently  so 
to  make  a  diagnosis.  In  exudates  from  the 
va^na  or  from  the  eye  the  morphological  pic- 
ture is  not  so  reliable,  owing  to  the  frequent 
presence  in  these  regions  of  other  Gram-negative 
cocci.  The  great  scarcity  of  gonococoi  in  very 
chronic  dischai^es  necessitates  thorough  cultural 
investigation;  negative  morphological  examina^ 
tion  in  such  cases  can  not  be  rrgard<'<l  as  con- 
clusive.' 

Cultivation. — ^Thp  gonococcus  is  delicate  and 
difficult  to  cultivate.  Bumm '  olitained  his  first 
growtlLS  upon  human  blood  serum  which  had  been 
heated  to  partial  coagulation. 

The  medium   most   commonly  tised   at   the 
present  day  was  introduced  by  Wertheim,*  and     ^•".80.— Gonorrhbai, 
-.,  ..  ,.  .,  i.1        ""s  FRuu  Urethra, 

consists  of  a  mixture  of  two  or  three  parts  of  Khowino  the  Cocci 
meat  inf  usion-agar  with  one  part  of  uncoagulated  within  a  Leucocyte. 
human  ascitic  fluid,  hydrocele  fluid,  or  blood 
serum.  The  agar  is  melted  and  cooled  to  45°  before  the  serum 
is  adde<l.  The  mixture  may  then  be  slanted  in  the  test  tube 
or  poured  into  a  Petri  plate.  One  per  cent  of  glucose  may  be  added. 
Cultures  in  fluid  media  may  \k  obtained  by  similar  additions  of  serum 
to  raeat-infusion-peptoQ-broth.     Whole  rabbit's  blood  added  to  i^ar, 

'  Heintrm,  Medical  Record,  1890.        *  Bumm,  Ueut.  med.  Woch.,  1SS5. 
'WerOteim,  Arch.  f.  Gyn&kol.,  1862. 
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or  the  swine-serum-nutrose  medium  of  Wassermann  '  may  occasionally 

be  used  with  success. 

Plates  may  be  made  by  smearing  for  emichment  a  drop  of  blood 

from  the  fiii(;er  over  the  surface  of  agar  in  the  manner  of  Pfeiffer's 

method  for  influenza-bacillus  cultivation.  Inoculat'ons  from  gonorrhed 
material  are  best  made  by  suifacs 
smearing  upon  plates,  since  the  gono-  ' 
coccus  grows  best  in  the  presence  of 
free  oxygen.  Growth  becomes  mow 
luxuriant  after  prolonged  cultivation 
upon  artihciat  media.  The  modt 
favorable  reaction  of  ntedla  is  neu- 
trality or  slight  acidity. 

When  the  gonococcus  has  been 
successfully  cultivated  from  pus  upon 
media  without  serum   additions,  the 

_  _  success  has  probably  been  due  to  the 

Fia.  81. — GoNococcDS.    Smear  ,    ,  .    ,  ■      .i. 

tan  pur.  ™ll„r,.  substancra  aimed   over   ill   the   pus. 

The  ease  of  cultivation  differs  con- 
siderably with  different  strains  of  gonococci.  Some  grow  verj'  heavily 
after  first  isolation,  l>ut  the  majority  show  a  very  delicate  growth 
even  on  rich  ascitic  glucose  agar.  After  several  generations  of  groyth 
on  artifieial  media,  however,  the  organism  develops  with  incroAsing  ease 
and  on  simpler  media.  It  may  eventually  be  cultivated  on  pliun  agar, 
especially  when  this  is  made  of  veal  infusion.  Recently  a  medium  upon 
which  gonococci  after  first  cultivation  can  be  grown  with  ease  has  been 
recommended  by  Edward  B.  Vedder.'  The  medium  consists  of  a 
1 . 5  to  1.75  per  cent  agar  made  with  beef  infusion  neutral  to  phenol- 
phthaiein,  and  after  clearing,  1  per  cent  of  com  starch  added.  The  com 
starch  is  Ijest  added  after  grinding  with  a  little  agar  to  avoid  clumps, 
this  then  lieing  poured  into  the  bulk  of  the  agar  and  thoroughly  mixed. 
The  medium  should  Ix!  stt^rilized  at  not  over  15  lbs.  pressure  to  avoid 
chaises  in  the  starch.  Recently  we  have  isolate  several  strains  of 
gonococci  which  grew  very  heavily  on  simple  media  without  ascitic 
fluid  in  the  second  culture  generation. 

1  Waasenminn.  Berl.  klin.  Woeh.,  1S517. 

{Fif(«en  c.c.  swine-aerum,  35  c.c.  of  water,  3  e.e.  glycerin,  with  two  per  cent 
nutro»e.  The  nutrose  is  dissolved  by  boiling  and  the  solution  steriliicd.  This  is  then 
added  to  agar,  in  equal  parts,  and  used  in  plates.) 

>  Vedder,  Jour.  Infeo.  Dm.,  May  15,  1915,  xvi,  385. 
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The  gonococcus  will  develop  sparsely  under  anaerobic  conditions, 
but  has  marked  preference  for  aerobiosis.  The  optimum  temperature 
is  37.5°  C.     Growth  ceases  alxjve  38.5°  and  below  30°. 

Upon  suitable  media  colonies  appear  as  extremely  delicate,  grayish, 
opalescent  spots,  at  the  end  of  twenty-four  hours.  The  separate  colo- 
nies do  not  tend  to  confluence 
and  have  slightly  undulated 
mai^ins.  Touched  with  a 
platinum  loop  their  consist- 
ency is  found  to  be  slimy.  In 
fluid  media,  growth  takes 
place  chiefly  at  the  surface. 

Until  recent  years  the 
gonococci  were  regarded  as  a 
compact  group,  within  which 
individual  members,  isolated 
from  different  caaes,  were 
identical  in  all  respects.  How- 
ever, work  done  by  Torrey,^ 
and  by  Teague  and  Torrey,* 
has  shown  that  immunologic- 
ally gonococci  can  be  divided  Fio.  82.-Oonococctib  Colont-  Low  power 
into  a  number  of  different  of mftgnification.  (AfterMalloryaniiWright.) 
groups.    The  situation  here  is 

closely  analogous  to  that  which  has  developed  in  the  case  of  the  pneumo- 
coccus  group.  By  cross  af^lutinations  and  a^lutinin  at>sorption  expe- 
riments, Toney  has  been  able  to  show  that  gonococci  fall  into  about  10 
groups,  A,  B,  C,  G,  K,  L,  N,  0,  Q,  S,  which  are  sero!<^cally  separable  one 
from  the  other.  The  practical  importance  of  this  is  that  in  all  diagnostic 
serum  reactions,  such  as  the  complement-fixation  teat,  it  is  necessary 
to  make  a  polyvalent  antigen  in  which  these  various  groups  shall  be 
represented.  Otherwise,  of  course,  many  ca.ses  would  react  negatively 
if  infected  with  a  particular  group  which  is  not  included  in  the  antigen. 

Besiitance. — Recent  cultures  of  gonococcus,  if  not  transplanted, 
usually  die  out  within  five  or  six  days  at  incubator  temperature.  At 
room  temperatiu^  they  die  more  rapidly. 

The  resistance  of  the  gonococcus  to  light  and  heat  is  slight.  A  tem- 
perature of  41°  to  42°  kills  it  after  a  brief  exposure.    Complete  drying 

»  Torrcy,  Jour,  of  Med.  Research,  1907,  jtvi,  329. 

*  Teagw  and  Tmrey,  Jour,  of  Med.  Research,  Dec.,  1007,  xvii,  223. 


Digitized  by  Google 


884  PATHOGENIC  MICROORGANISMS 

drstroj^  it  in  a  short  time.  Incompletply  dried,  however,  and  pro- 
tected from  light  (gonorrheal  pus)  it  may  live,  on  sheets  and  clothing, 
for  as  long  as  eighteen  to  twenty-foiu  hours.' 

It  is  easily  killed  by  most  disinfectant  solutions  *  in  high  dilution 
and  seems  to  be  almost  specifically  sensitive  to  the  various  silver  salts, 
a  fact  of  therapeuti)!  importance. 

Pathogenicity. — (Jonorrheal  infection  occurs  spontaneoa-sly  only  in 
man.  True  gonorrheal  urethritis'  has  never  l>een  experimentally  pro- 
duced in  animnli4.  In  human  l>eings,  apart  from  the  infection  in  the 
male  and  female  genital  tracts,  and  in  the  conjunctiva,  the  goncicoccus 
may  produce  cystitis,  proctitis,  and  stomatitis.  It  may  enter  the  cir- 
culation, giving  rise  to  septicemia,  *  to  endocarditis  and  arthritis.  Iso- 
lated cases  of  gonorrheal  periostitis  and  osteomyelitb  have  been  re- 
ported,' 

The  acute  infections  of  the  gcni  to-urinary  pa.ssages  are  often  fol- 
lowed by  proloi^ed  i^hronic  infection,  which,  though  quiescent,  may  for 
many  years  be  a  source  of  social  danger.  In  children,  especially  females, 
the  inf(^ction  is  not  rare,  and  may  assume  epidemic  characters,  traveling 
from  bed  to  be<l  in  institutions.  Su(;h  hospital  epidemics -can  Iw  stopped 
only  by  the  most  rigid  isolation.  It  is  advisable,  in  view  of  this  danger, 
to  examine  n\\  female  children  applying  for  admission  to  a  hospital,  by 
vaginal  smear  and,  if  ))ossible,  to  keep  them  in  a  receiving  ward  fur 
twenty-four  hours  in  order  that  the  examination  may  Ik-  repeated  before 
admission  to  the  general  wards.  In  the  best-equipped  institutions,  fur- 
thermore, sepsu-att^  themiomotera,  bed  linen,  and  diapers  an?  set  aside 
for  each  child  in  order  to  preclude  any  possibility  of  accidental  traasmis- 
sion  from  ca.'w's  which  may  have  i-scapeti  detection  by  smear  examination. 

While  inoculation  of  animals  has  never  resulted  in  iwrtive  prolifera- 
tion of  the  gonococcus  uiM>n  the  new  host,  local  necrosis,  suppuration, 
and  temporary  systemic  reactions  have  Iwen  produced  by  subcutaneous 
and  intraperitoneal  inoculation.  A  toxin  has  l)een  isolaleil  by  Niko- 
laysen  '  by  extraction  from  the  bacterial  JKxIii-s  with  distilled  water  or 
sodium  hydrat'C  solutions.  It  was  found  to  be  nsistant  to  a  tempera- 
ture of  120"  and  to  remain  potent  after  complete  drying.  The  sajne 
author  found  that  the  isolatcnl  toxin  and  dead  cultures  were  fully  as 
toxic  for  animals  as  living  cultures,  0.01  gram  killing  a  whit^i  mouse. 

'  Hciman,  Medical  Kcitinl,  ls!>ti. 

'  iSrhiirffcr  und  tiUrtJUichnci/Ur,  Koiir.  Dent.  Dcniiut,  Ccsi^IIh.,  Itrc^luii.  ltW4. 

'  Review  of  eases  of  (Ion.  Septieeniia,  Faurf-liniuiie.H,  Thesis,  TariN,  ['UXi: 

'  'lUmann,  Wien.  med.  Presse,  191)0.  =  Nikol'iy^'i,  Cent.  f.  Bakt.,  1897. 
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Specific  injury  to  the  nervous  system  by  injections  of  gonococcus 
toxin  has  been  reported  by  MoltschanofE.' 

The  secretion  of  a  true  soluble  toxin  by  the  gonococcua,  asserted  by 
Chrbtroas,'  is  denied  hy  Wassermann,*  Nikolaysen,*  and  others.  Christ- 
mas,* and,  more  recently,  Torrey,'  have  reported  succtsaful  active  im- 
munization of  animals  by  repeated  injeiitiona  of  whole  bacteria.  Torrey 
and  others  apparently  have  successfully  treated  human  cases  by  injec- 
tions of  the  serum  of  immunized  animals. 

Antibodies  to  Oonoooccui. —  Patients  infected  with  gonococci 
^eem  to  produce  antilwdies  i^ainst  the  organisms.  Although  in  the  or- 
dinary gonorrheal  urethritis,  or  vaginitis,  it  is  relatively  simple  to  make 
the  diagnosis  by  finding  gonococei  in  the  discharges,  diagnosis  may  be 
difficult  in  cases  of  gonorrheal  rheumatism,  or  endocarditis,  when  iso- 
lation of  the  bacteria  fiiils  or  when  the  connection  between  the  local 
venereal  disease  and  the  general  condition  is  obscure.  Various  sero- 
logical diagnostic  methods  have  been  attempted,  and  of  recent  years 
the  complement-fixation  test  has  been  found  to  bo  very  useful.  The 
method  has  l>een  especially  developed  by  Archibald  McNeil,  at  the 
New  York  Department  of  Health.  It  consists  in  making  a  polyvalent 
antigen,  using  the  10  Torrey  strains  wliich  are  kept  in  stock  transplants 
on  glucose  ascitic  agar.  It  has  t)een  found  that  the  best  medium  for 
antigen  production  is  an  agar  made  of  "Iwb  veal."  For  the  production 
of  antigen,  stock  cultures  are  transplanted  on  "txib  veal"  agar,  without 
Halt,  glucose  or  ascitic  fluid,  the  reaction  carefully  adjusted  to  an  acidity 
of  0.1  per  cent  to  0.2  per  cent.  Twenty-four  hour  growths  on  this  me- 
dium are  scraped  off  and  emulsified  in  neutral  sterile  distilled  water. 
The  emulsion  is  autolyzed  one  hour  in  a  water  bath  at  56°  and  heated 
one  hour  at  80°  C,  It  is  then  filtered  through  a  sterile  Berkfeld  filter. 
The  filtrate  is  aseptically  bottled  and  sterilized  3  days  at  56°,  hidf  an 
hour  each  day.    It  is  then  niiule  iiwtonic  and  is  ready  for  titration. 

Vaccine  therapy  in  systemic  gonorrheal  infection  has  been  tried  and  is 
reasonably  successful.  The  vaecine,  if  possible,  should  be  made  with 
the  organism  isolated  from  the  patient,  for  reasons  described  above. 
Passive  immunization  with  the  serum  of  gonococcus-immune  animals 
has  also  been  attempted,  but  reconls  on  it  at  present  are  not  sufficiently 
complete  to  permit  definite  jut^ment. 

'  Moiudumnff,  MUDch,  mcd.  Wijch.,  IS99.     'CArtrinwu,  Ann.de  I'lnst.  Paateur,  1897, 
*  Waaermann,  Zeit.  f.  Hyg..  iixvii,  18',I7,        *  JVifcoIajwen,  Fort.  d.  Med.,  ™,  1897. 

■  ChTotnira,  loc.  cit. 

■  Torrry,  Jour.  Amer.  Med.  Assn.,  xlvi,  1906. 
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bucrocogcus  catabrhalis 


Micrococoiis  catarrhftlis  is  a  diplococcua  described  first  by  R.  Pfeiffer', 
who  found  it  in  the  sputum  of  patients  aufftring  from  catarrhal  in- 
flammations of  the  upper  respiratory  tract.  It  wjis  subsequently  t"Are- 
fully  studietl  by  Ohon  and  H.  Pfeiffer.*  Acirordiiy?  to  thL-se  authors 
the  pathogenic  significance  of  the  micrococcua  is  slight,  though  occjiKion- 
ally  it  may  be  regarded  as  the  causative  factor  in  entarrhal  inflammations. 
Its  chief  claim  to  attention,  however,  lies  in  it's  similarity  to  the  meningo- 
coccus and  the  gonococcus,  from  neither  of  which  it  can  \>e  morpholop- 
cally  distinguished.  It  is  decolorized  by  Gram's  Ktain,  appears  often  in 
the  diplococcus  form,  and  has  a  tendency,  in  exudates,  to  be  locat^-d 
intracellularly.  Not  unlike  the  two  microoi^anisms  mentioned,  too,  it 
shows  but  slight  pathogenicity  for  animals. 

Differentiation  from  gonococcus  is  extremely  simple  in  that  Micro- 
coccus catarrhalis  grows  easily  on  simple  culture  media  and  showis 
none  of  the  fastidioiii  cultural  retiuirements  of  the  gonococcus. 

From  meningococcus  the  differentiation  is  less  simple  and,  iHMiause 
of  the  presence  of  both  microorganisms  in  the  nose,  is  of  great  important-e. 

Distinction  between  the  two  is  ma«ie  entirely  upon  cultural  charac- 
teristics and  agglutination  reactions.  Culturally,  Micrococcus  catar- 
rhalis  grows  more  heavily  than  meningococcus  upon  the  ordinary 
culture  media.  The  colonies  of  Micrococcus  catarrhalis  are  coarsely 
granular  and  distinctly  white  in  contradistinction  to  the  finely  granu- 
lar, grayish  meningo«w;cus  colonies.'  Micrococcus  catarrhalis  will 
develop  at  temperatures  below  20°  C,  while  meningococcus  will  not 
grow  at  temperatures  below  25°  C.^ 

Dunham,*  who  has  recently  made  a  comparative  study  of  meningo- 
coccus and  other  Gram-negative  diplococci  from  the  nose  and  throat, 
states  that  while  some  of  the  supposed  Micrococcus  catarrhalis'  cul- 
tures are  easily  distinguished  from  meningococcus  simply  by  the  char- 
actcristi(;s  of  their  growtlis  upon  two-per-cent  glucose  agar,  others  offer 
great  difficulties  to  diffen-ntiation.  He  recommends  as  a  differential 
medium  a  mixture  of  sheep  serum  and  tuuillon  containing  1%  of  glucose. 
Upon  this  medium  all  true  meningococci  produce  acid,  but  no  coagulation. 


'  Fhtgge,  "Die  MikroorR.,"  3d  ed.,  189C. 

•  (!hm  und  H.  PJeiffw,  Zeit.  f.  klin.  Med.,  I>t02.    » Ghon  und  Pfeiffvr,  loc.  cit, 

*  Wiichiflbnum,  in  Knite  miil  I('Hs«trmufin,  Ikl.  iii,  p.  239. 
'Dunham,  Jour.  Inf.  Ub.,  ILW. 
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with  24  hours.     Cultures  from  the  nose  and  throat,  however,  produce 
:kciil  aad  coagulation,  or  ulse  produce  un  lUkulinc  reaction. 

OTHBR  GRAM-NSaATIVE  COCCI 

Hlerococciu  pharjmgis  siccus. — ^irst  described  by  von  Lingelsheim' 
in  1906.  It  is  described  by  Elser  and  Huntoon  as  readily  differentiable 
from  meningococcus  and  other  Gram-negative  cocci  by  the  firm  adher- 
pBcc  and  drjTiess  of  its  colonioM.  It  is  similar  to  Micrococcus  catarrhalis 
from  which  it  may,  however,  Ik-  different  iatc*!  by  fermentation  tests. 

Diplococcua  mucosus. — Tliis  otganism  was  also  descril>ed  by  von 
LingeLslieiin  toRether  with  tlie  pre(»«'ding  one.  Its  colony  formation  is 
similar  to  th.-jt  of  meningococcus,  but  slightly  more  sticky  and  mucoid. 
Stained  by  the  capsule  methods,  it  is  seen  to  possess  a  distinct  capsule. 

Chromoffenlc  Gram-neffatln  Cocci. — These  microorganisms  all  pro- 
tluce  a  greenish-yellow  pigment  on  the  ordinary  culture  media.  When 
pigment  is  absent,  a.s  is  frequently  the  case  when  grown  upon  sugar-free 
metlia,  these  microorganisms  can  l)c  distinguished  from  meningococcus 
only  by  sugar  fermentation  an<l  serum  reatrtions. 

An  exhaustive  study  of  Gram-negative  micnM-ot'cn  has  recently  been 
raaile  by  Elser  and  Huntoon.*  These  authors,  in  studying  the  differ- 
ential value  of  sugar  fermentation  in  the  diagnosis  of  these  bacteria, 
have  constructed  the  following  table: 
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'  V.  Lingflsheim,  Klin.  Jiihrb.,  15, 1906. 


'  Elser  and  Huntooii,  \ac.  cit. 
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BACILLI  OF  THE  COLON-TYPHOID-DYSENTERY  GROUP 

The  bacilli  belonging  to  thb  group  of  microorganisms,  while  present- 
ing great  differences  in  their  pathogenic  characteristics,  possess  many 
points  of  morphological  and  biological  similarity  which  have  made  thoir 
differentiation  extremely  difficult.  Among  pathogenic  bacilli,  they  are 
probably  the  ones  most  commonly  encountereil  and  because  of  the  fact 
that  some  of  them  are  specifically  pathogenic,  while  others  are  eaaen- 
tially  saprophytic  and  are  pathogenic  only  imder  exceptional  conditions, 
the  necessity  of  accurate  differentiation  is  a  daily  occurrence  in  bacteri- 
ological laboratories.  It  has  been  through  the  study  of  this  group  par- 
ticularly that  many  of  the  modem  differential  methods  of  bacteriology- 
have  been  developed. 

The  group  includes  the  colon  bacillus  and  its  allies,  the  typhoid 
bacillus,  the  paratyphoid  organisms,  the  several  varieties  of  dysentt'ni' 
bacillus  and  numerous  closely  related  species,  and  Bacillus  fecalis  alka- 
ligenes.  Closely  related  to  the  group  though  not  properly  within  it, 
are  Bacillus  lactis  oerc^nes,  B.  acidi  lactici  bacilli  of  the  Friedlander  or 
mucoeus  capsulatus  group,  and  a  number  of  less  important  subdivisions 
of  this  last  group. 

All  bacilli  of  the  group  possess  morphological  characteristics  which, 
although  exhibiting  slight  differences,  are  insufficient  to  permit  accurate 
morphologii^al  diagnosis.  They  are  none  of  them  sporc-lxsaring.  Stained 
by  Cram's  method  they  are  decolorized. 

Cultivated  upon  artificial  media,  they  grow  readily  both  at  room  and 
at  incubator  temperatures.  None  of  them  liquefies  gelatin.  Though 
lowing,  often,  distinct  differences  in  the  speed  and  luxuriance  of  growth 
upon  ordinary  media,  these  differences  are,  nevertheless,  too  slight  to 
l)ecome  the  basis  of  differentiation. 

In  order  to  distinguish  between  the  individual  members  of  this 
group,  therefore,  we  are  forced  to  a  careful  biological  and  cultural 
study.  This  is  carried  out  by  the  observation  of  the  cultural  character- 
istics upon  special  media  and  by  the  study  of  serum  reactions  in  speci- 
fic immune  sera.    Our  mainstaj's  in  the  accurate  differentiation  of  these 
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bacilli  are  the  observation  of  their  fermentative  action  upon  carbohy- 
drate mcilia,  and  their  aggiutinating  reactions  in  immune  sera.  These 
points  will  be  alluded  to  in  the  description  of  the  individual  microor- 
ganisms, and  will  be  again  summarized  in  the  differential  tables  given 
at  the  end  of  the  chapters  dealing  with  this  group. 

BA0XLLU8    OOLI    0OMH1TNI8    AND    M«MBItRll    OF    THE    OOLOM 
BACILLUS  OBOUP 

Under  the  name  of  "  colon  bacilli "  arc  grouped  a  number  of  bac- 
terial varieties  differing  from  one  another  somewhat  in  minor  character- 
istics, but  corresponding  in  certain  cardinal  points  which  stamp  them 
as  close  relatives  anil  amply  warrant  their  consideration  under  one 
heading.  While  usually  living  an  harmless  paratiitc»  upon  the  animal 
ami  human  Ixnly,  and  capable  of  leading  a  purely  saprophytic  exb^tence, 
they  may,  nevertheless,  under  wrtain  circumstances  become  pathogenic 
and  thus,  both  culturally  and  in  their  pathological  significance,  form  a 
link  between  pure  saprophytes  like  Bacillus  lactis  acrogenes,  on  the 
one  hand,  an<l  the  more  strictly  pathogenic  Gram-negative  bacilli  of 
the  paratyphoid,  typhoid,  and  dysentery  groups,  on  the  other.  As  a 
type  of  the  group  we  may  conaitlcr  in  detail  its  moat  prominent  and 
thoroughly  studied  member,  Bacillus  coli  communis. 

BACILLUS   OOLI   00HHUKI8 

This  microorganism  was  seen  and  described  by  Buchner '  in  1885. 
It  was  thoroughly  studied  in  the  years  immediately  following,  especially 
by  Escherich,^  in  connection  with  the  intestinal  contents  of  infants. 

HoipbologT. — Bacillus  coh  communis  is  a  short,  plump  rod  about 
1-3  micra  long,  and  varying  in  thickness  from  one-third  to  one-fifth 
of  its  length.  Under  varying  conilitions  of  cultivation,  it  may  appear 
to  be  more  slender  than  this  or  shorter  and  even  coccoid  in  form.  In 
stained  preparations,  it  usually  appears  singly,  but  occasionally  may  be 
seen  in  short  chains.  It  stains  roatlily  with  the  usual  anilin  dyes  and 
decolorizes  by  Gram's  method.  Simrcs  arc  not  fomietl.  It  is  motile,  and 
flagclla  staining  reveals  eight  or  more  flagclla  peripherally  arranged.  Its 
motility  is  subject  to  wide  variations.    Young  cultures,  in  the  first  gen- 

'  Buehrwr.  Arch.  f.Hyg.,  3,  ISftS. 

'EKherick,  "Die  Dannbakt.  des  Sauglinga,"  Stuttgart,  188fl;  Cent,  t.  Bakt.,  1, 
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eration,  after  isolation  from  the  body,may  be  extremely  motile, while  old 
laboratory  strains  may  show  almost  no  motility.  Independent  of  these 
modifying  conditions,  however,  separate  races  may  show  individual 
characteristics  as  to  motility,  varying  in  range  between  a  motility 
hardly  distinguishable  from  Brownian  movement  and  one  which  is  so 
active  as  to  be  but  little  less  than  that  of  the  typhoid  bacillus.  Onli- 
narily,  the  colon  bacillus  possesses  a  motility  intermediate  betwem 
these  two  extremes, 

Oaltivatioii. — The  bacillus  is  an  aerobe  capable-  of  anaerobic  gronth 
under  suitable  cultural  conditions.    It  grows  well  on  the  simplest  medifi 


I'-Hl.    83.— BACILLI'S    C<)Lf    COMMUNj;:. 

at  temperatures  ranging  from  20°  to  40°  C,  but  finds  itst  optimum 
growth  at  about  37.5°  C.  Upon  hroth  it  grows  rapidly,  giving  ri^  to 
general  clouding;  later  to  a  pellicle  and  a  light,  slijrhtly  slimy  scdimenl. 
Within  moderate  rang»;s,  it  is  not  delicately  susceptible  to  ifiictiim. 
growing  equally  well  on  media  slightly  acid  and  on  those  of  a  moderate 
alkalinity. 

Upon  agar,  it  forms  grayish  colonies  which  become  visible  within 
twelve  to  eighteen  hours,  gradually  Incoming  more  and  more  opaque 
as  they  grow  older.    The  deep  colonies  are  dense,  evenly  granular,  oval- 


DigitizedbyGOOJ^Ie 


BACILLUS  COLI  COMMUNIS  391 

or  round.  Surface  colonics  often  show  a,  characteristic  grape-Icaf 
structure,  or  may  be  round  aiid  flat,  and  show  a  definitely  raised,  glisten- 
ing surface.    Upon  agar  slants,  growth  occurs  in  a  uniform  layer. 

On  gtlatin  the  colon  bacillus  grows  rapidly,  causing  no  liquefaction. 
Surface  colonies  are  apt  to  show  the  typical  grape-leaf  formation.  Deep 
colonies  arc  round,  oblong,  and  glistening.  In  gelatin  stabs  growth  takes 
place  along  the  entire  line  of  inoculation,  spreading  in  a  thin  layer  over 
the  surface  of  the  medium. 

On  potato,  growth  is  abundant  and  easily  visible  within  eighteen 
to  twenty-four  hours,  as  a  grayish -white,  glistening  layer  which  later 
turns  to  a  yellowish-brown,  and  in  old  cultures  often  to  a  <lirty  green- 
ish-brown color. 

In  ptplon  solution  indol  is  formeci.  In  milk  there  is  acitlity  an<I  co- 
agulation. In  lruiose4itmus-agar  acid  is  formed,  the  medium  becom- 
ing retl,  and  gas-bubbles  appear  along  the  lino  of  the  stab  inoculation. 

In  cfirbohydrale  broth,  g;i.i  is  formed  in  dextrose,  lactose,  and  mannit, 
but  not  in  saccharose.  I^vulost^  galactose,  ami  maltose  are  also  fer- 
mented with  the  formation  of  arid  and  gas. 

Cultures  of  the  colon  bacillus  are  characterized  by  a  peculiar  fetid 
odor  which  is  not  unlike  that  of  diluted  feces.  The  acids  formed  by  the 
colon  bacillus  from  susurs  are  chiefly  lactic,  acetic,  and  formic  acids. 
The  gas  it  produces  consists  chiefly  of  CO,  and  hydrogen.  The  bacillus 
grows  well  on  media  containing  urine  and  on  those  containing  bile. 
Upon  the  latter  fact  some  methods  for  the  isolation  of  the  colon 
liicilhiJ^froni  water  and  feces  have  hern  based. 

Isolation  of  the  colon  bacillus  from  mixed  cultui-es  is  most  easily 
accomplished  by  plating  upon  lactosi'-Iitmus-agar,  the  C'onratli-Drigal- 
ski  medium,  or  the  Plndo  me<tiuni  after  preliminarj'  eniichment  of  the 
specimen  to  be  tested  in  bile  or  malachite-green  broth.  (In  the  case 
of  feces  such  enrichment  is  superfluous.) 

Difllzibotion. — The  colon  bacillus  is  a  constant  inhabitant  of  the 
intestinal  canal  of  human  beings  and  animals.  It  is  also  found  occasion- 
ally in  soil,  in  air,  in  water,  and  in  milk  and  is  practically  ubiquitous  in 
all  neighborhoods  which  are  thickly  inhabited.  When  found  in  nature 
its  presence  is  generally  taken  to  Ik-  an  indication  of  contamination  from 
human  or  animal  sources.  Thus,  when  found  in  water  or  milk,  much 
hygienic  importance  is  attached  to  it.  Recently,  Papasotiriu '  and, 
independently  of  him,  Prcscott,^  have  reported  finding  bacilli  apparently 


'  Paynaotinu,  Arch.  f.  Hyg.,  ^li.      '  Prrsrott.  Cent.  f.  Bakt     tief..  xssiii,  1903. 


392  PATHOOENin  MIOROORGANISMS 

identical  with  Bacillus  coli  upon  rye,  barley,  and  other  grains.  They 
believe,  upon  the  basis  of  this  discovery,  that  Bacillus  coU  is  widely 
distributed  in  nature  and  that  its  presence,  unless  it  appears  in  lai^ge 
numbers,  does  not  necessarily  indicate  recent  fecal  contamination. 
These  reports,  however,  have  not  found  confirmation  by  the  work  of 
others,  and  can  not,  therefore,  be  as  yet  accepted. 

In  man.  Bacillus  coli  appears  in  the  intestine  normally  soon  after  . 
birth,  at  about  the  time  of  takingthc  first  nourishment.'  From  this  time 
on,  throughout  life,  the  bacillus  is  a  constant  intestinal  inhabitant  ap- 
parently without  dependence  upon  the  diet.  Its  distribution  within  the 
intestine,  according  to  Cushii^  and  Livingood,^  is  not  uniform,  it  being 
found  in  the  greatest  numbers  at  or  about  the  ileocecal  valve,  diminish- 
ing from  this  point  upward  to  the  duodenum  and  downward  as  far  as 
the  rectum.  Adami  *  and  others  claim  that,  under  normal  conditions, 
the  bacillus  may  invade  the  portal  circulation,  poHsibly  by  the  inter- 
mediation of  leuconytic  emigration  during  digestion.  .'Vfter  death,  at 
autopsy,  Bacillus  coli  is  often  fouml  in  the  tissues  and  the  blood  with- 
out there  being  visible  lesions  of  the  intestinal  mucous  membrane.*  It 
is  probable,  also,  that  it  may  enter  and  live  in  the  circulation  a  few 
hours  before  death  during  the  agonal  stages. 

Extensive  investigations  have  been  carried  out  to  determine  wheth- 
er or  not  the  constant  presence  of  this  microorganism  in  the  intestinal 
tract  is  an  indication  of  its  possessing  a  definite  physiological  function  of 
advantage  to  its  host.  It  has  been  argued  that  it  may  aid  in  the  fermen- 
tation of  carbohydrates.  The  question  has  been  approached  experiment- 
ally by  a  number  of  investigators.  Nuttall  and  Thierfelder*  delivered 
guinea-pigs  from  the  mother  by  Cesarean  section  and-  succeeded  in 
keeping  them  without  infection  of  the  intestinal  canal  for  thirteen  days. 
Although  no  microorganisms  of  any  kind  were  found  in  the  feces  of 
these  animals,  no  harm  seemed  to  accrue  to  them,  and  some  of  them 
even  gained  in  weight.  Sehottelius,'  on  the  other  hand,  obtained  con- 
tradictory results  when  working  with  chicks.  Allowing  eggs  to  hatch  in 
an  especially  constructed  glass  compartment,  he  succeeded  in  keeping  the 

'SchUd,  Zeit.  f.  Hyf.,  xix.  1895;  Lonfcfce,  Arch,  f,  Hyg.,  ^tJtvi,  1896. 
"  CuaAin^  and  Z,iVi'njwod,"Contributiona  to  Med.  Scj.  by  Pupils  of  Wm.  Wrfch," 
Johns  Hopk.  Press,  1900. 

» Adami,  Jour,  of  Amer.  Med.  Asan,,  Dec.,  1899. 

*  Birch-Hirtchfeld.  Ziegler'a  Beitr.,  24,  1898. 

•  NuUaU  und  Thitr/etder,  Zeit.  f.  Physiol.  Ohpmie,  Jtxi  and  rril. 
*Schotteliug,  Arch.  f.  Hyg.,  xxxiv,  1889. 
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ehicbs  and  their  entire  environment  sterile  for  seventeen  days.  During 
this  time  tliey  lost  weight,  diit  not  tlirive,  and  some  of  them  were  mori- 
bund at  the  end  of  the  second  week,  in  marked  contrast  to  the  healthy, 
well-noiirnLshed  controls,  fed  in  the  same  way,  but  under  ordinary  en- 
nronuii?ntal  conditions.  Altltough  insufficient  work  has  been  done  upon 
this  important  question,  and  no  definite  statement  can  be  made,  it  is 
more  tiian  likely  that  the  funi;tion  of  the  Bacillus  coll  in  the  intestine 
is  nut  ineiinsiilerable  if  only  because  of  its  possible  antagonism  to  cer- 
tiiin  putrefactive  bacteria,  a  fact  which  lias  been  demonstrated  in  inter- 
esting studies  by  Bienstock '  and  (itliers.* 

Pathogenicity. — The  pathogenicity  of  the  colon  bacillus  for  animals 
is  slight  and  varies  greatly  with  different  strains.  Intraperitoneal  in- 
jcftion.s  of  1  e.e.  or  more  of  a  broth  culture  will  often  cause  death  in 
f;uinea-pigs.  Large  doses  intravenously  administered  to  rabbits  may 
i're(iuent!y  cause  a  rapid  sinking  of  the  temperature  and  death  with 
symptouLS  of  violent  intoxication  within  twenty-four  to  forty-eight 
hours.  Subcutaneous  inoculation  of  moderate  doses  usually  results  in 
nothing  more  than  a  loealizeil  abscess  from  which  the  animals  recover. 
It  is  likely  that,  even  in  fatal  cases,  death  results  chiefiy  from  the  action 
of  poisons  liberated  from  the  disintegrating  bacteria  and  not  from  the 
multiplication  of  the  bacilli  themsi'lvcs.  for  often  no  living  organism 
can  be  found  unless  large  doses  are  given. 

In  man,  a  large  varii^ty  of  lesions  produced  by  Bacillus  coli  have 
been  described.  It  is  a  surpiising  fact  that  di-sease  should  be  caused 
at  all,  in  man,  by  a  microorganism  which  is  so  constantly  present  in 
lai^e  numbers  in  the  intestine  and  against  which,  thorL-forc,  it  is  to  be 
e\poctt'd  that  a  certain  amount  of  imnumity  should  be  developed.  A 
numl>er  of  explanations  for  this  state  of  afTairs  have  been  advanced, 
none  of  them  entirely  satisfaeforj'.  It  is  proliable  that  none  of  the  poi- 
sonous products  of  the  colon  bacillus  is  absorbed  unchanged  by  the 
healthy  unbroken  mucosa  and  that,  therefore,  the  mierooi^anisms  are, 
strictly  K]jcaking,  at  all  times,  outside  of  the  body  proper.  Under  these 
cireiimstances,  no  process  of  immunization  would  be  anticipated.  It 
is  also  possible  that,  whenever  an  infection  with  Bacillus  coli  does  occur, 
the  inf(!cting  organism  is  one  which  has  been  recently  acquired  from 
another  hast,  having  no  specific  a<laptation  to  the  infecrted  body.  Viru- 
icncc  may  possibly  ite  enhance<l  by  inflammatory  processes  caused  by 
other  organisms.    Considering  the  subji^ct  from  anotln^r  point  of  view, 

1  Bienstock,  Arch.  f.  Hyg.,  xx.xix.  1901. 

»  Titsier  and  Marlethj.  Ann.  de  I'inst.  Pasteur,  1902. 
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rolon-bft«illua  infct'tion  may  possibly  take  place  simply  l)ecause  of  unu- 
sual temporary  redut^tion  of  the  resistance  of  th(i  host.  Whether  or  not 
altered  cultural  conditions  in  the  intestine  may  lead  to  marked  enhance- 
ment in  the  virulence  of  the  colon  bacilli  can  not  at  present  be  decided. 
The  opinion  has  been  frequently  advanced,  however,  without  adequate 
experimental  support, 

Septicemia,  due  to  the  colon  ba<-illus,  has  been  describwl  by  a  i&rgc 
number  of  observers.  It  is  doxibtful,  however,  whether  many  of  these 
cases  represent  an  actual  primary  invasion  of  the  circulation  by  the 
bacilli,orwhethertheirentrance  was  not  simply  asecondaiy  phenomenon 
occurring  during  thti  agonal  stag<'S  of  another  condition.  A  few  unques- 
tionable (ruses,  however,  have  Ix'en  reported,  and  there  can  ln'  no  dotiht 
about  the  occurrence  of  tJie  condition,  although  it  is  probably  less 
frequent  than  formerly  suppose<l.  The  writers  have  oiK^ervrd  it  on 
two  occa-sions  in  cases  during  the  lethal  stages  of  severe  systemic 
disease  due  to  other  canses.  An  extremely  interesting  group  of  such 
cases  arc  those  occurring  in  new-born  infanta,  in  which  generalizetl 
colon-bacillus  infection  may  lead  to  a  fatal  condition  known  aa 
Winckel's  disease  or  hemorrhagic  septicemia.'  Prominent  among 
disease  processes  attribuU-d  to  these  mieroorganisms  am  various  <iiar- 
rheal  conditions,  such  as  cholem  nostras  and  cholera  infantum.  The 
relation  of  the.sc  maladies  to  the  colon  bacillus  has  lieen  studied  es- 
pecially by  Kscheiich,'  but  satisfact.ory  evidence  that  these  bacilli  may 
specifically  cause  such  condition.s  has  not  been  brought.  While  it  is  not 
unlikely  that  under  conditions  of  an  excessive  carlwhydrate  diet,  colon 
bacilli  may  aggravate  moi-bid  pnx'esses  by  a  voUuninoiis  formation  of 
gas,  they  chi  not,  of  tlw-niselves,  take  pait  in  m'tual  putrefactive  proc- 
esses. It  is  likely,  theiffoiv,  that  in  most  of  the  intestinal  diseoKos 
formerly  attributed  purely  to  bacilli  of  the  colon  group,  these  micro- 
organisms actually  play  but  a  sei-ondary  part..* 

It  is  equally  difTuult  to  decide  whether  or  not  these  bacilli  may  bo 
reganled  an  the  primary  cause  of  peritonitis  following  perforation  of 
the  gut.  Although  regxdarly  found  in  such  conditions,  thi'y  are  hardly 
ever  found  in  pure  culture,  heinc  accompanied  usually  by  staphylococci, 
streptococci,  or  other  microorganisms,  whose  relationship  to  disease  is 
far  more  definitely  establishetl.  Isolated  cases  have  been  reported, 
iiowever,  one  of  them  by  Welch,   in  which  Bacillus  coli  was  pre.fent  in 

■  Kamea,  Zioglrr'a  Bcilr.,  14,  ISiMi. 

'  lierkerirh.  Inc.  cit. 

>  IferlfT,  "  Bact.  Infi'c.  of  Digest.  Tract,"  N.  Y.,  1907. 
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the  peritoneum  in  pun;  culture  without  there  having  Iwsoii  any  iutcstinal 
perforation,'  Granting  that  tlit;  bacilluH  is  able  to  proliferate  within 
the  peritoneum,  there  is  no  reiwon  for  doubting  its  ability  of  giving  rise 
to  a  miltl  suppurative  process. 

Inflammatorj-  conditiona  in  the  liver  and  gall-bladder  -have  fre- 
quently been  attributed  to  the  colon  bacillus.  It  has  been  isolated  from 
liver  alMicesaes,  from  the  bile,  and  from  the  center  of  gall-stones.  Welch 
has  reported  a  case  of  acute  hemorrhagic  pancreatitis  in  which  the 
bacillus  was  isolated  from  the  gall-bladder  and  from  the  pancreas. 

In  the  blad<ler,  Itacillus  coli  fre(]uontly  gives  rise  to  cystitis  and  oc- 
casionally to  ascending  pyonephrasis.  No  other  microorganism,  in  fact, 
is  found «o  frequently  in  the  urine  as  this  one.  It  may  l>e  present,  often, 
in  individuals  in  whom  all  morbid  processes  ixk  absent.  The  condition 
is  frequently  obscived  during  the  convahwcencf;  fnim  tjphoid  fever. 
It  may  disapix'ar  siKintaneously,  or  cystitis,  usually  of  a  mild,  chronic 
variety,  may  supervene. 

Localized  suppurations  due  to  this  bacillus  may  take  place  in  all 
|>arts  of  the  l>ody.  They  aits  most  fi-ecjuently  localined  about  the  anus 
and  the  genitals.  Xhey  are  usually  mild  and  easily  umenable  to  the 
simplest  surgical  treatment. 

Poisonons  Prodncts  of  the  Oolon  BaciUas. — The  colon  bacillus  belongs 
essentially  to  that  group  of  bacteria  whase  toxic  action  is  supposed  to 
be  due  to  the  poisonous  substances  contained  within  the  bacillary  body. 
Culture  filtrates  of  the  colon  bacillus  show  very  little  toxicity  when  in- 
jected into  animals;  whereas  the  injection  of  dead  bacilli  produces 
sj'mptoms  almost  equal  in  severity  to  those  induced  by  injection  of  the 
hve  micnjorganisms.  Corn»borative  of  the  assumption  of  this  endotoxic 
nature  of  the  colon-bacillus  ])oison  is  the  fact  that,  so  far,  no  antitoxic 
bodies  have  lieen  demonstrated  in  scrum  as  resulting  from  immuniza- 
tion. 

Ifflmtinizatioii  witii  the  Colon  Basillns. — The  injection  into  animals  of 
gradually  increasing  doses  of  living  or  dead  colon  bacilli  gives  rise  to 
specific  bacteriolytic,  afighitinatlnK,  and  precipitating  substances. 

The  bacteriolytic  sulwtances  may  be  cnsiiy  demonstrated  by  the 
technique  of  the  TfcilTer  reatrtinn.  hi  rilro  bacteriolysis  is  less  marked 
than  in  the  ca.se  of  sonic  olhci"  micriHirganisnis  such  as  the  cholera  spiril- 
Iwm  or  the  typhoid  bacillus.  Owing  probably  to  the  habitual  presence 
of  colon  bacilli  in  the  intestinal  tracts  of  animals  and  man,  considerable 

>  Wekh,  M^,l.  N<'wa,  59,  1801. 
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bacterinl^tiis  may  oetM^iuiiully  lie  ilcii  ions  trilled  in  the  serum  of  normal 
individuals. 

A^lutinin.s  for  the  colon  lianlliis  have  often  been  produced  in  the 
sera  of  iinniiintzcd  unintalK  in  voncont ration  sufficient  to  be  active  in  dilu- 
tions of  1-:  5,000  and  over.  The  aftglutinina  are  produced  equally  well 
by  the  injection  of  live  cultures  and  of  those  killed  by  heat,  if  the  tem- 
perature used  for  sterilization  does  not  exceed  100°  C.    It  is '  a  notice- 


Fio.  84.^BAciLLti8  coLi  COMMUNIS.  GrowTi  in:  1,  Dextrose,  2,  lActoec,  3. 
Saccharose  broth.  The  bacithia  forms  acid  an<t  gafi  from  ilcxlniec  and  InctoM, 
not  from  Kaccliurosc.  Note  the  iil>.sfnce  of  growth  in  tiio  closed  arm  of  the  sac- 
charose tube,  in  which  no  acid  or  gas  is  formod. 

able  fact  that  the  injection  of  any  specific  race  of  colon  bacilli 
produces,  in  the  immunized  animal,  hi^h  agglutination  values  only  for 
the  individual  culture  ii.scil  for  immunization,  while  other  strains  of 
colon  biicilH,  although  uKghitinatnd  by  the  serum  in  higher  dilution 
than  arc  parafyp!i{>id  or  typhoid  bacilli,  re(|uire  Inuch  higher  concen- 
tration than  doiss  the  original  strain.  The  subject  hjis  l)cen  e.xt<>nsively 
studied  by  a  numl)cr  of  oliservei-s  and  illustrates  the  extreme  individual 


'  in.//,  Cent.  f.  Bakt., 


vGooj^le 


BACILLUS  COLI  COMMUNIS  397 

speeifieitj'  of  the  afffrhiti  nation  reaction.  Tluis  a  sernm  which  will 
ag^ghitinate  its  honiolo<;oii3  atraiiis  in  ililntionN  <if  one  1 : 1,000  will  often 
fail  to  agglutinate  other  races  of  Bacillns  co)i  in  <lLlutiona  of  1:500 
or  1 :  600.       - 

The  normal  senim  of  adnlt  animals  and  man  will  often  agglutinate 
this  bacillus  in  dilutions  as  hi^li  as  1 :  10  or  1 :  '20— a  phenomenon  pos- 
sibly referable  to  its  habitnal  presence  within  the  body.  Corrobo- 
rating this  assumption  is  the  observation  of  Krans  and  Liiw,' 
that  the  serum  of  new-born  animals  possesses  no  «u<-li  agglutinating 
powers.    The  fact  that  agglutinins  for  the  colon  bacillus  are  increased 


in  the  serum  of  patients  convalescing  from  typhoid  fever  or  dysentery 
is  probably  to  be  exphiiited,  partly  by  the  increase  of  tiie  group  agglu- 
tinins produced  by  the  S|n-<>ilic  infecting  agent,  and  partly  by  the  m- 
VHsion  of  colon  bacilli,  or  the  absorption  of  its  pitiduets  induecd  by  the 
(iisea-scd  state  of  the  intestinn!  nuieons  membrane. 

Varieties  of  the  Colon  Bacillaa. — During  the  earlier  days  flfbncterio- 
Ingicai  investigations,  a  large  nnniber  of  dislinet  varieties  of  colon  bacilli 
were  described,  many  <if  which  may  now  he  (lLsiiii.s.sed  as  baseil  simply 

<  A'raus  ucid  Liiw,  Wion.  kliii.  Worh.,  18'J9. 
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upon  a  temporary  depression  of  one  or  another  cultural  characteristic  of 
Bacillas  coli  communis,  while  others  ran  Iks  definitely  includeil  within 
other  closely  related,  but  distinct  groups. 

That  secondary  features,  such  as  dimensions,  motility,  and  luxuri- 
ance of  growth  upon  various  media,  may  bo  markedly  altered  by  arti- 
ficial cultivation  is  a  common  observation.  It  has  not,  however,  been 
satisfactorily  shown  that  canlinal  characteristics,  such  as  the  forma- 
tion of  indol  from  pepton,  or  the  power  to  produce  gas  from  de.'ctrose 
and  lactose,  can  be  permanently  8uppres3e<l  without  actual  injury  or 
inhibition  of  the  normal  vitality  of  the  niicroorganisni.  Such  alter- 
ation is,  in  fact,  contrary  to  experirncc,  which  demonstrates  (hat 
whenever  such  changes  do  occur,,  tliej-  arc  purely  temporary  and  a  few 
generations  of  cultivation  urnler  favorable  environmental  condition.s 
will  regidarly  restore  the  organism  to  its  normal  activity. 

BacUlns  coli  commnnitff.—Distinct  and  constant  varieties  of  llacil- 
his  coli,  however,  do  occur.  The  most  common  of  these  is  one  which 
Dunham  has  named  Ban'lliut  rdi  rovimunior,  Iwcause  of  the  fact  that 
he  believes  it  to  be  more  abundant  in  Ihe  human  and  animal  intestine 
than  is  coli  communis  itself.  This  bacillus  possesses  all  the  cardinal 
characteristics  of  the  colon  gnmp.  It  is  a  (!  ram -negative  bacillus, 
moderafflly  motile,  mm-sporulating,  and  morphologically  indistingiiiah- 
able  fn>m  the  commutiix  variety.  It  does  not  iitjucfy  gelatin,  it 
produces  indol  from  pepton,  coagulates  anil  acidifies  milk,  and  gniws 
characteristically  upon  agar  and  potato.  It  differs  from  Bacillus  roll 
communis  in  that  it  produces  acid  and  gas  from  Bacchan)3e  jus  well  a-i 
from  dextrose  and  lactose,  whereas  the  former  tloes  not  form  acid  or 
gas  from  saccharose. 
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CHAPTER   XXVII 

BACILU  OF  THfci  UOIAIN-TVI'IlOID-insENTERV  UBOUP 

(_Ci>n{inual) 

THE  BAGILLUS   OF  TYPHOID  FSTES 

{Bacillus  li/j^wsois,  Bacillus  lijs>hi  ahdominalis) 

Typhoid  fever,  because  of  its  wide  distribution  anil  jilinost  con- 
stant presence  in  most  com ni unities,  has  from  the  earliest  days  been  the 
subject  of  much  etiological  inquiry.  A  definite  conception  as  to  its 
infectiousness  and  transmission  from  ca.se  to  case  was  formed  as  early 
as  185t)  by  Budd.> 

But  it  was  not  until  ISNtl  that  Eberth  ^  discovered  in  the  spleen  and 
mesenteric  glands  of  typhoid-fever  patients  who  had  come  to  autopsy, 
a  bacillus  which  we  now  know  to  be  the  cause  of  the  disease.  Final 
proof  of  such  an  etiological  connection  was  then  brought  by  Ciaffky,* 
who  not  only  saw  the  bacteria  referred  to  by  Eberth,  but  succeeded  in 
obtaining  them  in  pure  culture  and  studying  their  growth  characteristics. 

Hoipboli>g7  and  Staining;. — The  typhoid  bacillus  is  a  sht>rt  rod  from 
1-3.5  /i  in  length  with  a  varying  width  of  from  .5  to  .8  /».  In  appear- 
ance it  has  nothing  absolutely  distinctive  which  could  serve  to  differen- 
tiate it  from  other  bacilli  of  the  tvohoid-colon  group,  except  that  it  has 
a  general  tendency  to  greater  slenderness.  Its  ends  are  rounded  without 
ever  Ijeing  club-shaped.  Contrary  to  the  descriptions  of  the  earliest 
observers,  typhoid  bacilli  do  not  form  s[Kires.  They  are  actively  motile 
and  have  twelve  or  more  flasella  peripherally  arranged. 

The  bacilli  stain  readily  with  the  usual  anilin  dyes.  Stitincd  by 
Gram's  method,  they  are  decolorized. 

OoltiTatlon.— Bacillus  typhosus  is  easily  cnllivated  upon  the  usual 
laboratory  media.  It  is  not  delicately  susceptible  to  reaction,  but  will 
grow  well  upon  media  moderately  alkaline  or  acid.  It  is  an  aerobic  and 
facultative  anaerobic  organism,  when  the  proper  nutriment  is  present. 
Upon  a^ar  plates  growth  appears  within  eighteen  to  twenty-four  hours 

1  Bjidd.  "  Intestinal  Fever,"  lancet.  18.^6. 

'  EbcTth,  VircK  Archiv,  81,  1«8(),  and  8:(,  18«1. 

'Gagky,  Mitt.  u.  il.  kais.  Gesumllieitsamt,  2,  1SH4. 
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as  small  grayish  cnliuiics  jit  Hrsl  tiaiisparoiit,  latiT  opaqin'.  Upon  agar 
filanbt  fjrowtli  takes  iilacc  in  a  uniform  layer.  Tliere  is  nothin<r  cliarat- 
terisfit!  about  tliis  frrwwth  to  aid  in  ditTcrt'iitiation. 

In  broth,  tho  typhoid  bacillus  firows  rapidly,  fi'vinc  rise  to  an  l-vi'ii 
cloiidiii<r,  rari'ly  to  a  pollii-lc. 

Upon  ffclaliii,  the  typhoid  bacillus  grows  readily  and  d(M>s  not  li^jUe- 
fy  tile  mediiini.  In  stalls,  growth  takes  place  along  the  entire  extent 
of  the  stab  and  ovv.r  the  siirfaee  of  tint  irelatin  in  a  thin  layer.  In  jifls- 
t in  plates  the  firowtlinjay  slum- some  di«linctii>n  from  tliat  <if  other  laem- 
bera  of  tliix  group,  ami  this  iiu'dinm  was  forinerly  much  used  for  isulatkui 


Fig.  R6.— Buii.Li  s  tvi'iiumis,  from  twenty-four-hour  culture  on  agar, 

of  the  liaeilhis  from  mixed  eultiires.  (Jrowfli  appeai^s  within  twentj*- 
four  litmrs  us  small.  tr:iTis]>arent,  oval,  round, or  occasionally  leaf-shaped 
colonies  which  aie  smaller,  more  delicate,  and  more  transparent  than 
contemporary  eoloiiies  of  llie  eolon  haeilhis.  They  ilo  not.  however. 
show  any  reliable  difTcrt^ntial  featui-es  from  bacilli  of  the  dysentpr\' 
group.  As  the  coUmies  jirow  older  they  grow  heavier,  more  opaque,  and 
lase  much  of  their  early  ililTcrcntial  value. 

On  fxiliili}  tlieyrnwll|of  t.vnhniil  bacilli  is  distinctive, and  this  medium 
was  roeommendeit  by  (laffky '  in  his  early  researches  for  purixwcs  of 
'  Gujfl.!/,  loa  at. 
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identification.  On  it  typhoid  bacilli,  after  twenty-four  to  forty-eight 
hours,  produce  a  hardly  viaible  prowth,  evident  to  the  naked  eye 
only  by  a  slight  moist  glistenin^^^an  appearance  which  is  in  marked 
contrast  to  the  grayish-yeilow  or  even  brown  and  abundant  growth 
of  the  colon  bacilli.  If  the  potato  mndiuni  is  rendered  neutral  or 
alkaline,  this  distinction  disappears,  the  typhoid  bacillus  growing 
more  abundantly. 

In  vnlk,  typhoid  bacilli  do  not  produce  coii^lation.  In  litmus-milk, 
during  the  first  twenty-four  hours,  the  color  in  changed  to  a  reddish  or 
violet  tinge  by  the  formation  of  acid  from  the  small  quantities  of  mooo- 


FiG.  87.— BACLbLrB  ttphobus,  showing  Oagella.    (After  Fninke)  and  Pfeiffer.) 


saccharid  present.    Later  the  color  becomes  deep  bliio  from  thu  fonna- 
,  tion  of  alkali. 

In  Dunhitm's  ■pevlon  nohUion  no  indol  is  produced.  According  to 
Peckham,  however,  continuous  cultivation  in  rich  pepton  media  may 
lead  to  eventual  indol  foniiation  by  typhoid  bacilli.  This  fact  appears 
to  have  no  l>earing  on  the  valuer  of  the  indol  test,  us  indol  is  never  formed 
under  the  usual  cultural  conditions. 

In  dextrose,  viannile,  hdose,  and  tincrharose  broth,  the  typhoid  bacil- 
lus pro<luces  no  gas.  A  comparative  sumnuiry  of  the  action  of  other 
bacilli  of  this  group  in  these  sugar  media  will  be  given  in  the  final  dif- 
ferential table  on  page  443. 
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Tested  for  its  power  to  form  acid  from  sugars  commonly  used  m 
differential  tests,  typhoid  bacilli  form  acid,  but  no  gas,  on  the  mooo- 
saccharides,  on  mannit,  maltose  and  dextrin,  but  not  on  lactose  and 
saccharose.     (See  Table,  p.  44.) 

In  the  Hiss  tube  medium  (see  section  on  Media,  page  133),  the 
typhoid  bacillus  within  eighteen  to  twenty-four  hours  produces  im  even 
clouding  by  virtue  of  its  motility,  but  does  not  form  gas.  In  contradis- 
tinction to  this,  dysentery  bacilli  grow  only  along  the  line  of  inocula- 


Fio.  88, — Surface  Colony  of  Bacillvb  typhosus  on  Gei^tin.     (After  Heim-) 


tion,  while  bacilli  of  lho<'olon  group  move  in  irregular  sky-rocket-like 
figures  away  from  the  stab,  at  the  same  time  bnsiiking  up  the  mc<lium 
by  the  formation  of  gas-bubbles.  Some  actively  motile  colon  biicilli 
cloud  the  medium,  but  the  ruptures  caused  by  the  gas  are  always 
evident. 

The  differentiation  of  the  typhoid  bacillus  in  pure  culture  from  similar 
microorganisms  by  means  of  its  growth  upon  media  has  been  the  sub- 
ject of  many  investigations.  It  is  neither  pi-articable  nor  desirable  lo 
enumerate  all  the  various  media  which  have  been  devised  and  reported. 
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The  aim  has  been.chiefly  the  differentiation  of  typhoid  bacilli  from  the 
bacilli  of  the  colon  group,  and  most  of  the  media  have  been  devised  with 
this  end  in  view.    (See  section  on  Media.) 

Rothberger  '  has  devised  a  mixture  of  glucose  agar  to  which  is  added 
one  per  cent  of  a  aaturateti  aqueous  solution  of  neutral-red.  Shake-cul- 
tures or  stab-cultures  are  niatle  in  tubes  of  this  medium.  The  typhoid 
bacillus  causes  no  changes  in  it,  while  members  of  the  colon  group,  by 
reduction  of  the  neutral-red,  decolorize  the  medium  and  produce  gas  by 
fermentation  of  the  sugar. 

Utilizing  the  fact  that  bile-salts  are  precipitated  in  the  presence  of 
acids,  Macconkey  devised  a  medium  composed  of  sodium  glycocholate, 
pepton,  lactose,  and  agar  (the  composition  of  this  medium  is  given  on 
page  138),  in  which  Bacillus  typhosus  grows  without  causing  nmch 
change,  but  distinct  clouding  results  from  the  growth  of  the  colon  bacillus 
which,  producing  acid  from  the  lactose,  causes  precipitation  of  the  bile- 
sidts. 

On  Wurtz's  lactose-litmus-agar  (see  page  129)  the  typhoid  bacillus 
produces  no  acid,  but  eventually  deepens  the  purple  <'olor  to  blue; 
the  colon  bacillus  produces  acid  and  in  atab-cultures  gas  bubbles  ami 
the  color  changes  to  red. 

In  Barsiekow's  (see  page  l.'^ft)  lactose-nutroae-litmus  mixture  the 
typhoid  bacillu.s  causes  no  change,  while  the  colon  bacillus  producer 
coagidation  and  an  acid  reaction. 

Cultural  Differences  Within  the  Typhoid  Oronp. — Recent  work  hy 
H.  Weiss  in  this  laboratory  has  shown  that  not  all  typhoid  bacilli  are 
culturally  alike,  there  being  two  distinct  trronps,  one  which  ferments 
xylose  and  the  other  which  does  not.  This  work  is  being  elaborated. 
Since  there  are  also  antijrenie  difTerenees  it  may  be  npceaaar\-  in  (he 
future  to  speak  rather  of  a  typhoid  group  than  of  the  typhoid  bacillus. 
Biological  Considerations. — The  tj'phoid  bacillus  is  an  aerobic  an<l 
facultatively  anaerobic  organism  growing  well  both  in  the  presence  and  in 
the  absence  of  oxygen  when  certain  sugars  are  present,  showing  a  slight 
preference,  however,  for  well  aerated  con<litioiis.  It  grows  most  luxu- 
riantly, at  temperatures  alwut  37.5°  0.,  but  continues  to  grow  within  a 
range  of  temperature  lying  between  ITi"  and  41°  0.  Its  thermal  death 
point,  according  to  Stemt>erg,  is  56°  0.  in  ten  minutes.  It  remains  alive 
in  artificial  cultures  for  several  months  or  even  years  if  moisturt!  is  sup- 
plieil.     In  carefully  sealed  agar  tubes  Hiss  has  found   the  organisms 

I  RiAhberger.  Crni .  f.  Bakf.,  wiv,  IS'JS. 
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alive  after  thirteen  years.  In  natural  waters  it  may  remain  alive  as 
bng  as  thirty-six  days,  according  to  Kloin.'  In  ice,  a(reonling  to  Prud- 
den,'  it  may  remain  alive  for  thrive  months  or  over.  Against  the  ordi- 
nary disinfectants,  the  typhoid  bacillua  is  comparatively  more  resistant 
than  .some  other  vegetative  forms.  It  is  killed,  however,  by  1  :  500 
bichlorid  or  five-per-cent  carVwlic  acid  within  five  minutes. 

Pathogenicit;. — ^In  animals,  some  early  investigator  to  the  contrary, 
typhoidal  infection  docs  not  occur  spontaneously  and  artificial  inocula- 
tion with  the  typhoid  ba<;illus  does  not  produce  a  disease  analogous  to 
typhoid  fever  in  the  human  being.  Frankel '  was  able  to  produce  intea- 
tinal  lesions  in  guinea-pigs  by  injection  of  the  bacilli  into  the  duodenum, 
and  recovc^red  the  bat^teria  from  the  spleens  of  the  animals  bSU'S  death, 
but  the  disease  produced  was  in  no  other  respect  analogous  to  typhoid 
fever  in  the  human  being.  It  is  probable  that  typhoid  bacilli  injected 
into  animals  do  not  nmltiply  extensively  and  that  most  of  the  symp- 
toms produced  are  due  to  the  endotoxins  liberated  from  the  dead  bac- 
teria. In  corroboratioii  of  this  view  is  the  observation  that  inoculation 
with  dead  cultures  is  followetl  by  essentially  the  same  train  of  symp- 
toms as  inoculation  with  live  cultures.*  The  injection  of  large  doses  into 
rabbits  or  guinea-pigs  intravenously  or  intraperi  tone  ally  is  usually 
followed  by  a  rapi(l  drop  in  temperature,  often  by  respiratory  em- 
barraasment  and  diarrhea.  Occajsionally  blood  may  be  present  in 
the  stools.  According  to  the  size  of  the  dose  or  the  weight  of  the  ani- 
mal, death  may  ensue  within  a  few  hours,  or,  with  progressive  emacia- 
tion, after  ft  number  ofdaj's,  or  the  animal  may  gradually  recover. 
Welch  an<i  Blachstein "  have  shown  Ihat  typhoid  bai'illi  injected  into 
the  ear  vein  of  a  rabbit  appear  in  the  bile  and  may  persist  in  the  gall- 
bladder for  weeks.  Typhoid  bacilli  isolated  from  different  sources  may 
show  considerable  variations  in  virulence  and  toxicity. 

Doerr,'  Koch,'  Morgan,*  and  more  recently  Johnston*  have  all 
confirmed  this,  the  last  named  showing  that  the  typhoid  bacillus  could 


'  Klein,  Med.  Officers'  Report,  Local  Govern.  Bd.,  London,  1894. 
'  Pnidden,  Med.  Rec.,  1887. 

•  Frdnkd,  Cent.  f.  klin.  Med.,  10,  1886. 

*  PelniiiAky,  Zeit.  t.  Hyg.,  xii,  1892. 

«  Welrh  and  BtachsUin.  Bull.  Johns  Hop.  Hoap.,  ii,  1891. 

•  Docrr,  Centralbl.  f.  Bakt.,  1905. 
'  Koch,  Zeitachr.  f.  Hyg.,  1909. 

"  Morgan,  Jour.  o(  Hyg.,  1911. 

*  Johnston,  Jour,  of  Med.  Ree.,  xxvii,  1912. 
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not  only  remain  latent  for  a  long  time  in  the  gall-bladder  of  rabbits, 
but  would  ai^ar  in  the  blood  stream  with  considerable  regularity 
after  the  seventh  or  ninth  day,  and  persist  for  as  long  as  125  days. 
Gay  and  Claypole '  have  t»een  able  to  produce  the  carrier  state  in 
rabbits  with  great  r^ularity  by  growing  the  typhoid  cultures  used  for 
inoculation  upon  agar  containing  10  per  cent  defibrinated  rabbit's 
blood.  Such  cultures  are  not  as  readily  agglutinated  by  immune  serum 
as  are  those  grown  on  plain  agar,  and  it  may  well  be  that  they  have 
acquired  a  certain  degree  of  resistance  to  the  serum  antibodies  which 
renders  thera  more  competent  to  survive  in  the  body  of  the  rabbit. 
Gay  has  used  rabbits  inocutateil  with  such  cultures  for  the  determination 
of  the  efficacy  of  his  sensitized  vaccines. 

In  man  the  large  majority  of  tjTihoid  in^Ttions  take  the  form 
of  the  di.sease  clinically  known  as  tj-phoid  fever.  For  a  description 
of  the  clinical  course  and  p;ithol(«icjil  lesions  of  the  disoa.se,  the  reader 
is  referred  to  the  standard  text-books  of  medicine  and  pathology. 
During  the  course  of  the  disease,  and  during  convalescence,  the  bacilli 
may  be  cultivated  from  the  circulating  blood,  the  nose  spots,  the  feces, 
the  urine,  and  in  exceptional  cases  from  the  sputum.  At  autopsy  the 
bacilli  may  be  obtained  from  these  sources  as  well  as  from  the  lesions  in 
the  intestine,  the  spleen,  and  often  from  the  liver,  kidneys,  and  from  the 
gall-bladder. 

Though  formerly  regarded  as  pcimariiy  an  intestinal  disease,  recent 
investigations  have  brought  conyincing  proof  that  the  disease  is  in  its 
inception  actually  a  bactcrieraia.  It  in  not  unlikely  that  the  intestinal 
lesions  are  largely  the  result  of  toxic  products  which  are  excreted 
through  the  intestinal  wall. 

Typhoid  BttciUi  in  the  Blood  during  the  Disease. — The  mvestigations 
of  many  workers  have  shown  that  typhoid  bacilli  are  present  in  the 
circulating  blood  of  practically  all  patienls  during  the  early  weeks  of  the 
disease.  Series  of  cases  have  been  studied  by  Castellan!,'  Schottmiil- 
ler,*  and  many  others.  More  recently  Coleman  and  Buxton*  have 
reported  their  researches  upon  123  cases,  and  have  at  the  same  time 
analyzed  all  ca.ses  previously  reported.  Their  analysis  of  blood  cultures 
taken  at  different  stages  in  the  disease  is  as  follows: 


'  Gay  and  ClaypoU,  Arch,  of  Inf.  Med..  Dec.,  1913. 

*  Ctufetlam,  Riforma  medica,  1900. 

^  Sdiottinvdler,  Deut.  med.  Woch.,  xxxii,  1900,  and  Zeit.  f.  Hyg.,  wtxvi,  1901. 

*  Coleman  and  Bvxtm,  Am.  Jour,  of  Med.  Sci.,  133,  1907. 
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Of  224  cases  during  first  week,  89  per  cent  were  poeHive. 
Of  484  cases  during  second  week,  73  per  cent  were  pceitive. 
Of  268  cases  during  third  week,  60  per  cent  were  paeitive.  * 

Of  103  cases  during  fourth  week,  38  per  cent  were  positive. 
Of    58  cases  after  fourth  week,  26  per  cent  were  positive. 

The  technique  recommended  by  Coleman  and  Buxton  for  obttuning 
blood  cultures  is  that  recommended  by  Conradi,'  slightly  modified.  The 
blood  is  taken  into  flasks  each  containing  about  20  c.c.  of  the  following 
mixture: 

Ox-bile > 900  C.C. 

Glycerin ' 100  c.c. 

Pcpton 20  grama. 

About  3  c.c.  of  blood  arc  put  into  each  flask.  The  ox-bilc,  besides 
preventing  coagulation,  may  possibly  neutralize  the  bactericidal  sub- 
stances present  in  the  drawn  bloo<l.  The  flasks  are  incubated  for  eigh- 
teen to  twenty-four  hours,  at  the  end  of  which  time  streaks  are  made 
upon  plates  of  tactosc-litmua-agar  and  the  organisms  identified  by 
agglutination  or  by  cultural  tests. 

European  workers  have  generally  preferred  to  make  high  dilution  erf 
the  blood  in  flasks  of  bouillon,  small  quantities  of  blood,  1  to  2  c.c,  bang 
mixed  with  100  to  150  c.c.  of  nutrient  broth. 

Epstein  *  has  reported  excellent  results  from  mixii^  the  blood  in 
considerable  concentration  with  twrf-per-cent  glucose  agar  and  pouring 
plates. 

The  writers  in  hospital  work  have  had  equally  good  results  with  the 
bite  medium  and  with  broth  in  flasks,  rather  less  uniform  but  still  satis- 
factory results  with  the  plating  method.  In  general  it  may  be  said  that 
any  one  of  these  metho<is  carried  out  with  reasonable  accuracy  may  be 
satisfactorily  employed. 

Typhoid  Bacilli  in  the  Stools. — The  examination  of  the  stools  for 
typhoid  bacillus  is  performed  for  diagnostic  purposes  chiefly  in  obscuie 
cases.  It  may,  furthermore,  furnish  information  of  great  hygienic 
importance.  Tluis  Drigalski  *  and  Connidi  have  succeeded  in  isolat- 
ing typhoid  Kicilli  from  the  stools  of  ambulant  cases  so  mild  that 
they  were  not  clinically  suspected.  It  la  oy  means  of  such  examina- 
tions that  the  so-called  typhoid-carriers  are  detected,   cases  which, 

'  Conradi,  Dcut.  med.  Woch.,  xxxii,  1906. 

•  EpeUdn,  Proo.  N.  Y.  Path.  Soc..  N.  S.,  ti,  1906. 

'  l>rif)(Utki  and  Conradi,  Zeit.  f.  Uyg.,  xxnx,  1903. 
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though  perfectly  well  themselves,  may  be  a  means  of  Bpreading  the 
disease.  Such  cases  have  been  known  to  harbor  the  baciUi  for  periods 
as  long  as  several  years. 

The  examination  itself  is  fraught  with  difficulties,  owing  to  the  pre- 
ponderatii^  numbers  of  colon  baciUi  found  in  all  feces  and  the  difficulty 
of  isolating  the  typhoid  bacilli  from  such  mixtures. 

Reviewing  the  data  collected  by  a  number  of  investigators,   it 
ae&DS  probable  that  the  bacilli  do  not  appear  in  the  stools,  at  least 
in  numbers  sufficient  for  recognition,  much  before  the  middle  of  the 
second  week,  or,  in  other  words,  as  pointed  out  by  Hiss,  about  the 
time  that  the  intestinal  lesions  are  well  ad- 
vanced and  ulceration  is  occurring.     Thus 
Wiltschour '  could  not  determine  their  pres- 
ence before  the  tSnth  day;  Redtenl>acher,* 
in  reviewmg  the  statistics,  states  that  in  a 
majority  of  cases  the  bacilli  first  appear 
toward  the  end  of  the  second  week,  and 
Horton-Smith  '  could  not  find  the  bacilli  be- 
fore the  eleventh  day.    Hiss,*  in  an  investi- 
gation of  the  same  subject,  obtained  the 
following  results: 

Rrst  to  tenth  day,  inclusive,  twenty-         r,a.  g9._BAc11.LnB  ion. 
eightcase3examined;typhoidbacilliisolated     Deep  cokmies  on  Hiss  plate 
from  three;   percentage   of   positive   cases     medium. 
10.7  per  cent. 

Eleventh  to  twentieth  day,  inclusive,  forty-four  cases  examined ;  ty- 
phoid bacilli  from  twenty-two;  percentage  of  positive  cases  50  per  cent. 

Twenty-first  day  to  convalescence,  sixteen  cases  examined;  typhoid 
bacilU  isolated  from  thirteen;  percentage  of  positive  cases  81.2  per 
cent. 

The  difficulties  encountered  in  such  examinations  have  led  to  the 
development  of  a  large  number  of  methods.  The  fipit  method  which 
yielded  successful  results  was  that  of  Eisner,*  who  employed  a  potato- 
extract  gelatin  containing  one  per  cent  of  potassium  iodid,  a  medium 
which  prevented  the  growth  of  many  intestinal  bacteria,  allowing  only 

»  Wiilsdu»a;  Cent.  t.  Bakt.,  1890. 

*  Redlenbac)ier,  Zeit.  f.  klin.  Med.,  xix,  1891. 

*  Horlon^miih,  Lancet,  May,  1899. 
4/fiBS,  Med.  News,  May,  1901. 
*El»ner,  Zeit.  f.  Hyg.,  xxi,  1895. 
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colon,  typhoid,  and  a  few  others  to  develop.    This  Baedium  is  at  presrot 
rarely  used. 

Hiss  '  has  employed  with  success  an  agar-gelatiu  nuxture  contuning 
one  per  cent  of  glucose,  the  preparation  of  which  has  been  described  in 
detail  in  the  section  on  media.  The  actual  technique  of  the  test  is  as 
follows:  One  to  two  loopfuls  of  feces  are  transferred  to  a  tube  of  broth, 
making  the  broth  fairly  cloudy.  From  this  emulsion  five  or  ^  plates 
are  made  by  transferring  in  series  one  to  five  loopfuls  of  the  emulsiffli 
to  tubes  containing  the  melted  plate  medium,  and  then  pouring  the  con- 
tents of  these  tubes  into  Petri  dishes.    These  dishes,  after  the  medium 


TYPHOSUS.     Deep  colonies  in  Hiss  plate  medium. 

has  hardened,  are  placed  in  an  incubator  at  37°  C,  and  allowed  to  re- 
main for  eighteen  to  twenty-four  hours,  when  they  are  ready  for  examina- 
tion. If  typhoid  bacilli  are  present  they  will  be  found  as  smalt,  usually 
glistenii^  colonies  with  a  fringe  of  threads  growing  out  like  Sagelta  from 
their  peripheries  {see  Figs.  90  and  iH).  These  colonies  are  smaller  and 
quite  distinct  from  those  of  colon  bacilli,  which  are  heavier  and  darker 
and  do  not  display  the  fringing  threads.  Suspicious  colonies  may  be 
fished  and  transferred  to  the  Hiss  tube  medium  (see  page  133)  or  iden- 
tified by  other  reliable  methods. 

A  method  which  has  been  found  useful,  especially  in  Europe, 
is  that  in  which  smears  of  diluted  feces  are  made  upon  large  plates 
of  the  Conradi-Drigalski  medium.  (For  preparation  see  page  I3S.} 
The  principles  underlying  the  use  of  this  medium  are  the  formation 
of  acid  from  the  lactose  by  the  colon  bacilli  and  the  inhibition  of  cocci 
and  many  other  bacteria  by  the  crystal-violet.     In  practice,  an  emui- 

'  HiM,  Jour,  of  Exp.  Med.,  ii,  1897;  Med.  News,  May,  1901 ;  and  Jour.  Med.  Re., 

N.  a..  Ill,  1902. 
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noD  is  made  of  a  loopful  of  feces  in  a  tube  of  broth.  Into  this 
is  dipped  a  bent  glass  smearing  rod,  the  excess  of  fluid  is  allowed  to 
drip  off,  and  smears  are  made  upon  plates  of  the  medium,  several 
plates  being  smeared  without  redipping  the  rod.  Colonies  of  the 
colon  bacillus  on  these  plates  will  appear  opaque,  comparatively  large, 
and  will  produce  an  acid  reaction  with  consequent  reddening  of  Uie 
medium.  Typhoid  colonies  will  be  smaller,  transparent,  and  without 
acid  formation.    These  colonies  are  fished  and  the  microot^anisms  may 


Fm.  91.— Bacillch  TTPBoeirs.    Colony  in  Hisa  plate  medium,  highly  magnified. 

be  idmtified  by  agglutination  or  by  stab  cultures  in  the  Hiss  tube 
medium. 

The  tnalachite-green  media  of  Loeffler  and  others  have  found 
less  general  use  than  was  originally  expected,  because  of  the 
difficulty  in  obtuning  uniform  preparations  of  malachite-green. 
Peabody  and  Pratt '  have  applied  the  principle  of  colon-bacillus  in- 
hibition by  malachite-green,  by  adding  this  dye  to  broth  in  the 
manner  described  in  the  section  on  media  (page  137),  planting  the 
feces  directly  into  this  broth,  and,  after  incubation  for  several  hours, 
making  smears  from  these  tubes  upon  plates  of  the  Conradi-Drigalski 
medium. 

As  a  routine  method  for  isolation  of  the  baciUi  from  stools  wc  om^ 

■  Peabody  and  Pratt,  Boston  Med.  and  Surg.  Jour.,  1908. 
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selves  use  largely  the  Endo  fuchsin-agar  or  Kendall's  modified  Endo 
medium.  (See  p.  135.)  Emulsions  of  feces  are  made  in  tubes  of 
ordinary  broth  or  salt  solution  and  smears  of  this  emulsion  are  made 
upon  several  lai^e  plates  of  the  f  uchsin-agar  by  means  of  a  glass  smearing 
rod.  The  colonies  of  Bacillus  coli,  after  eighteen  or  more  hours  of 
incubation,  will  be  found  to  have  broi^ht  back  a  deep  red  color  to  the 
medium,  whereas  the  typhoid  colonies  are  small,  more  transparent,  and 
have  left  the  medium  uncolored. 

An  excellent  medium  recently  devised  is  that  of  Krumwiede.  (See 
p.  136.) 

In  all  cases  where  plates  are  prepared  from  broth  emulsions  of  feces, 
it  is  desirable  to  allow  the  emulsion  to  stand  at  incubator  temperature 


Fio.  92. — Colon  and  Ttphou)  Colonies  m  Hiss  Piu^th  Medium.     (Planted 
from  stool.    Note  the  small  thread-formii^  typhoid  colonies.) 

for  an  hour.  Subsequent  removal  of  fluid  from  the  upper  layers  of  the 
medium  is  likely  to  bring  away  a  comparatively  larger  number  of  the 
oi^anisms. 

The  methods  given  above  do  not  exhaust  the  records  of  work  done 
upon  this  problem.  It  is  not  satisfactory  to  compare  any  two  methods 
as  to  practical  value,  since  all  of  them  require  familiarity  with  organisms 
and  media.  In  fact,  it  may  be  said  that  all  of  the  methods  given  are 
satisfactory  if  consistently  employed  by  a  worker  who  has  become 
thoroughly  accustomed  to  the  peculiarities  of  the  typhoid  colonies  upon 
the  medium  with  which  he  is  working. 

■  In  all  of  these  methods  when  suspicious  colonies  are  found  they  are 
identified  morphologically  and  transplanted  to  such  media  as  the  Russell 
double-sugar  ^ar,  or  the  Hiss  tube  medium.     For  rapid  dia^o^ 
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agglutiDation  may  be  done  io  a  strong  immune  serum,  either  directly 
from  the  colony  by  the  hang-drop  method,  or  better  macroscopieally 
from  the  growth  in  the  transplant. 

Typhoid  Bacilli  in  the  Urine. — Careful  investigation  has  revealed 
typhoid  bacilli  in  the  urine  in  about  twenty-five  per  cent  of  all  patients. 
Neumann  •  discovered  the  bacilli  in  eleven  out  of  forty-six  and  Kar- 
iinsky  •  in  twenty-one  out  of  forty-four  cases.  Investigations  by  Pe- 
tnischy,*  Richardson,*  Horton-Smith,^  Hiss,*  and  others  have  confirmed 
these  results.  In  general  the  bacilli  have  not  been  found  before  the 
fifteenth  day  of  the  disease,  and  examination  of  the  urine,  therefore, 
can  be  of  little  early  diagnostic  value.  A  series  of  seventy-five  cases 
examined  by  Hiss  before  the  fourteenth  day  of  the  disease  did  not  once 
reveal  typhoid  bacilli  in  the  urine.  On  the  other  hand,  they  have  been 
found  to  be  present  for  weeks,  months,  and,  in  isolated  cases,  for  years 
after  convalescence,  the  examination  thus  having  much  h}^enic  im- 
portance. They  are  probably  present  in  about  twelve  per  cent  of  cases 
during  the  early  days  of  convalescence.  In  moat  of  these,  albumin  is 
present  in  the  urine  in  considerable  quantities.  The  bacilli  usually 
appear  and  disappear  with  the  albuminuria. 

An  obstinate  cystitis  caused  by  typhoid  bacilli  may  follow  in  the 
path  of  typhoid  fever.  Such  cases  have  been  reported  by  Blumer,^ 
Richardson,*  and  others.  Suppurative  processes  in  the  kidneys  are 
lees  frequent.  It  is  noteworthy,  also,  that  in  the  course  of,  and  fol- 
lowing, typhoid  fever  there  often  occurs  voiding  of  Bacillus  coli  with 
the  urine.  This  may  obstinately  persist  for  considerable  periods  after 
convalescence.    The  reasons  for  this  are  not  entirely  clear. 

Typhoid  Carriers  and  Typhoid  Bacilli  in  the  GaU-BIadder. — ^Typhoid 
bacilli  have  been  frequently  observed  in  the  gall-bladder  at  autopsy. 
They  have  also  been  found  present  in  this  organ,  at  operations  for 
cholecystitis,  months  and  years  after  the  occurrence  of  typhoid  fever. 
Miller*  has  reported  a  case  in  which  typhoid  bacilli  were  present  in  the 
gall-foladder  seven  years  after  the  disease;  v.  Dungem'"  has  cultivated 
them  from  an  inflamed  gall-bladder  fifteen  years  after  the  disease, 
Zinsser  has  had  occaaon"  to  observe  a  case  in  which  an  operation  for 

'  Neunumn,  Berl.  klin.  Woch.,  ravii,  1890.    •  Hies.  Med.  News,  May,  1901. 
'  Kvtuuky,  Prag.  nted.  Woch.,  m,  1890.  '  Blumer,  Johns  Hopk.  Hosp.  Rep.,  5, 1895. 
'  Pelnuchy,  Cent.  f.  Hyg.,  ndii,  1898.  •  Riehardwn.  be.  cit. 

•  Riehardton,  Jour.  Exp.  Med.,  3, 1898.  •  MiUer,  Johns  Hopk.  Hosp.  Bull,  1898. 

'  HvrUmSmUh,  Lancet,  May,  1899.  *"  v.  Dvngem,  MUnch.  mod.  Woch.,  1807. 

"  2»nw«r,  Proc.  N.  Y.  Pathol.  Soc.,  1909. 
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gall-^tone  seventeen  years  after  the  occurrence  of  typhoid  fever  revealed 
the  presence  of  the  bacilli  in  the  gall-bladder.  In  such  cases  typhoid 
bacilli  may  be  constantly  discharged  from  the  intestine  with  the  feces 
and  prove  a  menace  to  the  health  of  the  community.  An  extremely  in- 
teresting example  of  such  a  typhoid  carrier  has  been  carefully  studied 
and  reported  by  Park.^ 

Typhoid  carriers  are  much  more  common  than  formerly  supposed. 
Lentz  *  believes  that  about  4  per  cent  of  all  cases  become  chronic  car- 
riers and  Goldbci^er,  averaging  the  cases  of  other  workers,  calculates 
that  of  1,782  cases  of  typhoid,  53  or  about  3  per  cent  became  chronic 
carriers.  This  problem  therefore  is  of  the  utmost  sanitary  import- 
ance. Even  when-  detected  the  cure  of  such  carriers  is  very  difficult, 
and  perhaps  in  some  cases  impossible  without  cholecystectomy.  Vac- 
cine treatment  has  not  been  encouraging  and  no  other  form  of  imi- 
fonnly  successful  treatment  has  so  far  been  devised. 

Typhoid  Bacilli  in  the  Rose  Spots. — Neufeld '  obtained  positive  re- 
sults in  thirteen  out  of  fourteen  cases.  According  to  his  researches  and 
those  of  Frankel,*  the  bacilli  are  localized  not  in  the  blood,  which  is 
taken  when  the  rose  spots  are  incised,  but  are  crowded  in  large  num- 
bers within  the  lymph  spaces. 

Typhoid  Bacilli  in  the  SpiUum. — In  rare  cases  typhoid  bacilli  have 
been  found  in  the  sputum  of  cases  complicated  by  bronchitis,  broncho- 
pneumonia, and  pleurisy.  Such  cases  have  been  reported  by  Cbante- 
messe  and  Widal,'  Frankel,*  and  a  number  of  others.  Empyema,  when 
it  occurs  in  connection  with  such  cases,  is  usually  accompanied  by  a 
mixed  infection.  From  a  hj^ienic  point  of  view  the  spread  of  typhoid 
fever  by  means  of  the  sputum  is  probably  of  rare  occurrence. 

Suppurativs  Lesioaa  Due  to  Typhoid  BacUlua.—In  the  course  of 
typhoid  convalescence  or  during  the  latter  weeks  of  the  disease,  sup- 
purative lesions  may  occur  in  various  parts  of  the  body.  The  most 
frequent  localization  of  these  b  in  the  periosteum,  especially  of  the  long 
bones,  and  in  the  joints.  A  lat^e  number  of  such  lemons  have  been 
described  by  Welch,  Richardson,^  and  others.  They  usually  take  the 
form  of  periosteal  abscesses,  often  located  upon  the  tibia,  occurring 

^Park,  "Pathogenic  Bacteria,"  N.  Y.,  1908. 

*Lent3,  Hyg.  Hundschau,  vol.  16,  1906. 

'  Nev/dd,  Zeit.  f.  Hyg.,  xxx,  1899.  *  FrSnhd,  Zeit.  t.  Hyg,,  xndv,  1900. 

■  ChanterMsee  and  Widal,  Arch,  de  phy^iol.  norm,  et  path.,  1SS7. 

•  Frinkd,  Deut.  med.  Woch.,  xv  and  xvi,  1899. 

'  Richardwn,  Jour.  Boston  Soc.  Med.  Sci.,  5,  IQOa 
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^ther  late  in  the  tUsease  or  months  after  convalescence,  and  are  char^ 
acterized  by  very  severe  pain.  Osteomyelitis  may  also  occur,  but  is 
comparatively  rare.  Subcutaneous  abscesses  and  deep  abscesses  in  the 
muBcles,  due  to  this  bacillus,  have  been  described  by  Fratt.^  Synovitis 
may  also  occur. 

Meningitis,  due  to  the  typhoid  bacillus,  occurs  not  infrequently, 
usually  during  convalescence  from  typhoid  fever.  A  case  of  primary 
typhoid  menit^tis  has  been  reported  by  Farnet.* 

Peritoneal  abscesses,  due  to  the  typhoid  bacillus,  have  been  re- 
ported. The  writer  *  has  reported  a  case  in  which  typhoid  bacilli  were 
found  free  in  the  peritoneal  cavity  during  typhoid  fever  without  per- 
foration of  the  gut. 

Isolated  instances  of  typhoid  baciUi  in  abscesses  of  the  thyroid  and 
parotid  glands  and  in  brain  abscesses  have  been  observed. 

Tndiold  Fever  witbont  Intestinal  Lesions. — A  considerable  number 
of  cases  have  been  reported  in  which  typhoid  bacilli  have  been  isolated 
fnHn  the  organs  after  death  or  from  the  secretions  during  life  of  pa- 
tients in  whom  the  characteristic  lesions  of  typhoid  fever  have  been 
lacking.  Most  of  these  cases  must  be  regarded  as  true  typhoid  septi- 
cemias. In  some  cases  the  bacilli  were  isolated  from  the  spleen,  liver, 
or  kidneys;  in  others,  from  the  urine  or  the  gall-bladder.  Id  a  case 
observed  by  Zinsser  the  bacilli  were  isolated  from  an  infarct  of  the 
kidney  removed  by  operation.  In  this  case  the  clinical  course  of  the 
disease  had  pointed  only  toward  the  existence  of  an  indefinite  fever  ac- 
companied by  symptoms  refer^le  to  the  kidneys.  The  Widal  test, 
however,  was  pi^tivc.  An  excellent  summary  of  such  cases,  tc^ther 
with  several  personally  observed,  has  been  given  by  Flexner.* 

Hyglenle  Conilderations. — Although  typhoid  fever  is  frequently 
spoken  of  as  an  epidemic  disease,  it  is,  more  truly,  endemic  in  character 
in  almost  all  parts  of  the  world,  but  subject  to  occasional  epidemic  ex- 
acerbations. In  the  larger  communities  of  the  temperate  zones  these 
epidemics  take  place  chiefly  in  the  autumn  and  are  circumscribed  by 
the  distribution  of  a  water  or  milk  siipply. 

Since  the  disease  never  occurs  except  by  transmission,  directly  or  in- 
directly from  a  previous  case,  it  is  amenable  more  than  most  other  mal- 
adies to  sanitary  regulation,  and  it  may  he  said  that  extensive  preva- 
lence of  typhoid  in  alarge  community  is  a  consequence  of  defect  in  the 

'  PtoU,  Jour.  Boston  Soc.  Med.  Sd.,  3,  1S99. 

>  Fanui.  Bull,  de Usoc.  mM.  des  hAp.  de P.,  3, 1891. 

■  Zm*aer,  Proc.  N.  Y.  Path.  Soc.,  1907.        •  Ftexner,  Johns  Hopk.  Rep.,  fi,  1886. 
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syBtem  of  sanitation.  The  disease  is  acquired  \^  ingestion  of  the  Epe- 
cific  bacteria.    Infection  by  other  channels  has  not  been  demoastrated. 

Prophylactic  measures  in  tJ^hoid  fever,  therefore,  should  bt^n 
with  the  isolation  of  the  patient  and  the  disinfection  of  excreta,  dis- 
charges, linen,  and  ail  utensils  which  have  been  in  contact  with  the 
patient.  The  bacilli  leave  the  body  in  the  feces  and  the  urine  and  the 
dangers  of  contamination,  by  these  substances,  of  all  objects  in  imme- 
diate contact  with  the  patient  are  considerable.  Excreta  should  there- 
fore be  either  mixed  with  boiling  water  or  chemically  disinfected,  pref- 
erably by  means  of  thoroughly  mixing  with  carbolic  acid,  lyaol,  or  a  solu- 
tion of  freshly  slaked  lime,  and,  if  possible,  destroyed  by  burning. 
Linen,  tableware,  and  eating  utensils  should  be  soaked  in  similar  aok- 
tions  and  boiled.  The  observajice  of  such  measures,  furthermore, 
should  not  be  discontinued  until  bacterioli^cal  examination  has  demon- 
strated the  absence  of  the  bacilli  from  feces  and  urine.  Disr^ard  of 
this  last  precaution  may  well  be  one  of  the  main  causes  of  the  endamc 
persistence  of  the  disease  in  large  cities — especially  considered  in  the 
light  of  our  recent  knowledge  of  "typhoid  carriers." 

Typhoid  fever,  in  the  large  majority  oi  cases,  is  transmitted  by 
the  agency  of  water.  In  an  analysis  of  six  hundred  and  fifty  typhmd 
epidemics  Schiider  ^  found  four  hundred  and  sixty-two  reported,  upon 
reasonai)le  evidence,  as  originating  from  water.  The  technical  difficul- 
ties attending  the  isolation  of  typhoid  bacilli  from  contaminated  water 
have  prevented  actual  bacteriological  proof  in  most  epidemics;  never- 
theless, indirect  evidence  of  pollution  of  the  suspected  water-supply, 
correspondence  of  the  distribution  of  this  supply  with  that  of  the  ^ 
ease,  and  reduction  of  typhoid  morbidity  upon  the  substitution  of  an 
uncontaminated  supply  are  sufficiently  convincing  to  remove  reasonable 
doubt.  Added  to  this  is  our  knowledge,  from  the  experiments  of  Jor- 
dan, Russell,  and  Zeit'  and  others,  that  typhoid  bacilli  may  r^n^n 
alive  in  natural  waters  for  as  long  as  five  days.  Prudden  has  demon- 
strated that  the  bacilli  may  survive  freezing  as  long  as  three  months. 

Nest  to  water,  the  most  important  source  of  typhoid  fever  is  con- 
taminated milk.  In  the  summary  by  Schiider,*  one  hundred  and  ten 
of  the  four  hundred  and  sixty  epidemics  were  attributable  to  milk. 
No  visible  modifications  in  milk  occur,  which  makes  this  source  es- 
pecially insidious.  Contamination  of  milk  has  been  traceable  to  water 
used  in  washing  cans  or  to  dairy  attendants. 

'  Schiider,  Zeit.  f.  Hyg.,  xxxviii,  1901, 

1  Jordan,  Runselt,  and  Zeil,  Jouc.  of  Inf.  Dis.,  1,  1004.  *  Sck6dtr,  loc.  dl. 
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Ezclading  water  and  milk,  all  remaining  causes  of  typhoid  dissemi- 
nation constitute  about  twelve  per  cent  and  are  found  chiefly  in  the 
ose  of  v^etahles  contaminated  from  infected  soil,  and  other  food  prod- 
ucts. Recently  Conn '  suf^ested  that  oysters  grown  in  waters  close 
to  sewage  discharges  may  be  the  meanB  of  typhoid  transmission.  An 
epidemic  at  Wesleyan  University  was  traced  to  this  cause.  Experi- 
ments by  Foote'  demonstrated  that  typhoid  bacilli  may  be  found 
alive  within  oysters  for  three  weeks  after  they  disappeared  from  the 
surrounding  water.  The  importance  of  this  'mode  of  infection  is  un- 
certain. Roeenau,  Lumsden,  and  Castle  *  found  it  to  be  negligible  in 
the  District  of  Columbia. 

Indirect  contamination  of  food  and  water  by  the  intermediation  of 
flies  and  other  insects  has  been  emphasized  by  Veeder  *  and  is  unques- 
tionably of  great  importance. 

Typhoid  Carrien. — One  of  the  important  factors  in  the  spread 
of  typhoid  fever  is  the  existence  of  a  considerable  number  of  "car- 
riers" in  every  community.  These  are  individuals  who  harbor  typhoid 
bacilli  in  their  intestinal  canals,  probably  with  a  nidus  in  the  gall 
bladder.  They  may  intermittently  or  continually  discharge  typhoid 
bacilli  with  the  feces  and  therefore  be  a  constant  menace  to  others. 
There  are  now  a  considerable  number  of  well-known  cases  where  series 
of  small  epidemics  have  been  started  by  carriers,  and  in  the  mobiliza- 
tion of  armies  the  incorporation  of  carriers  with  troops  may  be  a  seri- 
ona  menace. 

Carriers  may  be  discovered  by  isolation  of  the  bacilli  from  the 
feces  as  described  in  another  place. 

Poisons  of  the  Typhoid  BacUlui. — The  investigation  of  the  toxic 
products  of  the  typhoid  bacillus  has  occupied  the  attention  of  a  lai^ 
number  of  workers.  The  first  to  do  experimental  work  upon  the  sub- 
ject was  Brieger  *  soon  after  the  <U8covery  and  cultivation  of  the  micro- 
organism. That  toxic  substances  can  be  obtained  from  typhoid  cultures 
is  beyond  question.  There  is,  however,  a  definite  difference  of  opinion 
as  to  whether  these  poisons  are  so-called  endotoxins  only,  or  whether 
they  are  in  part  composed  of  soluble  toxins  comparable  to  those  of 
<Uphtheria  and  tetanus,  following  the  injection  of  which  antitoxic  sub- 
stances may  be  formed. 

The  evidence  so  far  seems  to  bear  out  the  original  contention  of 

'  Conn,  Med.  Record,  Dec,  1894.  '  Foote.  Med.  News,  1895, 

■  BoMnou,  Lumsden,  and  Caalle,  Bull.  52,  Hyg.  Lab.  U.  S.  Pub.  Health  Service,  1908. 

*  Yeedtr,  Med.  Record,  45,  1808,  •  Bri«aer,  Deut.  med.  Wocb.,  nrij,  1902. 
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PfeifEer,'  who  first  advanced  the  opinioa  that  the  poisonous  substances 
are  products  of  the  bacterial  body  set  free  by  destruction  of  the  bacteria 
by  the  lytic  substances  of  the  invaded  animal  or  human  being.  These 
poisons,  when  injected  into  animals  for  purposes  of  immunization,  in 
Pfeiffer's  experiments,  did  not  incite  the  production  of  neutraiizing  or 
antitoxic  bodies,  but  of  bactericidal  and  lytic  substances.  That  these 
endotoxins  constitute  by  far  the  greater  part  of  the  toxic  products  of 
the  typhoid  bacillus  can  be  easily  demonstrated  in  the  laboratoty,  by 
the  simple  experiment  of  filtering  a  young  typhoid  culture  (eight  or 
nine  days  old)  and  injecting  into  separate  Animals  the  residue  of  bacilli 
and  the  clear  filtrate  respectively.  In  such  an  experiment  there  will  be 
little  question  as  to  the  overwhelmingly  greater  toxicity  of  the  bscillary 
bodies  as  compared  with  that  of  the  culture  filtrate.  On  the  other 
hand,  if  such  cultures,  especially  in  alkaline  media,  are  allowed  to 
stand  for  several  months  and  the  bacilli  thus  thorou|^ly  extracted  by 
the  broth,  the  toxicity  of  the  filtrate  is  found  to  be  greatly  increased. 

Nevertheless,  more  recent  experiments  by  Besredka,'  Macfadyen,' 
Kraus  and  Stenitzer,*  and  others  have  tended  to  show  that,  together 
with  such  endotoxic  substances,  typhoid  bacilli  may  produce  a  true 
toxin  which  is  not  only  obtainable  by  proper  methods  from  compara- 
tively young  typhoid  cultures,  but  which  fulfils  the  necessary  require- 
ment of  this  class  of  poisons  by  producing  in  treated  animals  a  true 
antitoxic  neutralizing  body. 

The  typhoid  endotoxins  may  be  obtained  by  a  variety  of  methods. 
Hahu'  has  obtained  what  he  calls  "  typhoplasmin  "  by  subjecting  them 
to  a  pressure  of  about  four  hundred  atmospheres  in  a  Bucbner  press. 
The  cell  juices  so  obtained  are  cleared  by  filtration.  Macfadyen  has 
obtained  typhoid  endotoxins  by  triturating  the  bacUli  after  freesiug 
them  with  liquid  air  and  extracting  in  1  :  1,000  potassium  hydrate. 
Besredka  obtained  toxic  substances  by  emulsifying  agar  cultures  of 
bacilli  in  salt  solution,  sterilizing  them  by  heating  to  80"  C.  for  about 
one  hour,  and  drying  in  vacuo.  The  dried  bacillary  mass  was  then 
ground  in  a  mortar  and  washed  in  sterile  salt  solution  which  was 
again  heated  to  60°  C.  for  two  hours.    The  remnants  of  the  bacterial 

■  Pfeiffa;  Deut.  med.Woch.,  xlviii,  1894;  P/eiffer und KotU,  Zeit.  f.  Hyg.,  xxi,  1896. 
>  Be»redka,  Ann.  de  I'inst.  Pasteur,  1895, 1896, 

'Maefadyen  and  Roidand,  Cent.  f.  Bakt.,  I,  xxx,  1901;  Macfadym,  Cent.  C. 
Bakt.,I,  1906. 

•  Krauj  und  Sten<lter,  Quoted  from  " Handb.d. Tech.,"eto.,  I,  Fiacher,  Jena,  1907. 
«  Hakn,  HQnch.  med.  Woch.,  xxiii,  1906. 
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bodies  settle  out  and  the  slightly  turbid  supematant  fluid  coDtains  the 
toxic  subBtances. 

Vaughan  '  has  obtained  poisons  from  typhoid  bacilli  by  extracting 
at  78*  C.  with  a  two-per-cent  solution  of  sodium  hydrate  in  absolute 
alcohol.  In  this  way  he  claims  to  separate  by  hydrolysis  ^  poisonous 
and  a  non-poisonous  fraction.  He  claims,  moreover,  that  this  poison- 
ous fraction  is  similar  to  the  poisons  obtained  in  the  same  way  from 
Bacillus  coh  and  the  tubercle  bacillus,  and  other  proteid  substances,  . 
believing  that  the  specific  nature  of  such  proteids  depends  upon  the 
non-toxic  fraction. 

A  simple  method  of  obtaining  toxins  from  typhoid  bacilli  is  carried 
out  by  cultivating  the  microorganisms  in  meat-infusion  broth,  rendered 
alkaline  with  sodium  hydrate  to  the  extent  of  about  one  per  cent. 
The  cultures  are  allowed  to  grow  for  two  or  three  weeks  and  then  steril- 
ized by  heating  to  60°  C.  for  one  hour,  and  allowed  to  stand  for  three 
or  four  weeks  at  room  temperature.  At  the  end  of  this  time  the  cul- 
tures may  be  filtered  through  a  Berkefeld  or  Pasteur-Chamberland  filter 
and  will  be  found  to  contain  strong  toxic  substances. 

The  accounts  concerning  the  thennoetability  of  the  various  toxins 
obtained  are  considerably  at  variance.  In  general,  corresponding  with 
other  endotoxins,  observers  agree  in  considering  them  moderately  re- 
sistant to  heat,  rarely  being  destroyed  at  temperatures  below  70'*  C. 

Intravenous  inoculation  of  rabbits  with  typhoid  endotoxins,  if  in 
sufficient  quantity,  produces,  usublly  within  a  few  hours,  a  very  marked 
drop  in  temperature,  dianiiea,  respiratory  embarrassment,  and  death. 
If  given  in  smaller  doses  or  by  other  methods  of  inoculation — 
subcutaneous  or  intraperitoneal — rabbits  are  rendered  extremely  ill, 
with  a  primary  drop  in  temperature,  but  may  live  for  a  week  or  ten  days, 
and  die  with  marked  progressive  emaciation,  or  may  survive.  Guinea- 
pigs  and  mice  are  susceptible  to  the  endotoxins,  though  somewhat 
less  so  than  rabbits. 

Immimity  in  Tjiilioid  Pever. — As  a  rule,  one  attack  of  typhoid  fever 
protects  against  subsequent  ones.  Although  exceptions  to  this  rule 
may  occur,  they  are  so  rare  that  the  history  of  a  previous  attack  of  this 
disease  practically  excludes  its  consideration  in  the  diagnosis  of  any 
obscure  condition. 

Animals  may  be  actively  immunized  by  the  injection  of  typhoid 
bacilli  in  gradually  increasing  doses.     In  actual  practice,  this  is  best 

>  Vaughm,  Am.  Jour,  of  Hed.  Sd.,  139,  No.  3, 1908. 
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occompliahed  by  beginning  with  an  injection  of  about  1  c.c.  of  broth 
culture  heated  for  ten  minutes  at  60°  in  order  to  kill  the  baciUi.  After 
five  or  six  days,  a  second  injection  of  a  larger  dose  of  dead  bacilli  is 
administered;  at  similar  intervals,  gradually  increasing  dosea  of  dead 
baciUi  are  given  and  finally  considerable  quantities  of  a  living  and  fully 
virulent  culture  may  be  injected  without  serious  consequences  to  the 
animal.  While  this  method  is  convenient  and  usually  successful,  it 
.  is  also  possible  to  obtain  satisfactory  immunization  by  beginning  with 
very  small  doses  of  living  microorganisms,  according  to  .the  eariy 
method  of  Chantcmesse  and  Widal,'  and  others. 

Such  active  immunization,  successfully  carried  out  upon  rabbits  and 
guinea-pigs,  within  a  short  time  after  the  discovery,  of  the  typhoid  bacil- 
lus, was  believed  to  depend  upon  the  development  of  antitoxic  sub- 
stances in  immunized  animals.  This  point  of  view,  however,  was  not 
long  tenable,  and  was  definitely  disproven  by  the  investigations  of  Pfeif- 
fer  and  Kolle '  in  1 896.  These  investigators,  aa  well  as  a  lar^  number  of 
others  working  subsequently,  have  shown  satisfactorily  that  there  are 
present  in  the  blood  serum  of  typhoid-immune  animals  and  human 
beings,  bacteriolytic,  bactericidal,  and  agglutinating  substances,  and  to 
a  lesser  extent,  precipitating  and  opsonic  bodies. 

Bactericidal  and  Barterutlytic  Substances. — The  bacteriolytic  sub- 
stances in  typhoid -immune  serum  may  be  demonstrated  cither  by  the 
intraperitoneal  technique  of  Pfeiffer  or  in  vUro.  In  the  former  experi- 
ment a  small  quantity  of  a  fresh  ciflture  of  typhoid  baciUi  is  mixed 
with  the  diluted  immune  serum  and  the  emulsion  injected  into  the 
peritoneal  cavity  of  a  guinea-pig.  Removal  of  peritoneal  exudate  with 
a  capillary  pipette  and  examination  in  the  hanging  drop  will  reveal, 
within  a  short  time,  a  swelling  and  granulation  of  the  bacteria — the 
so-called  Pfeiffer  phenomenon.  The  test  in  vitro,  as  recommended  by 
Stem  and  Korte,'  may  be  carried  out  by  adding  definite  quantities  of 
a  fresh  agar  culture  of  typhoid  bacilli  to  progressively  increasing  dilu- 
tions of  inactivated  immune  serum  together  with  definite  quantities  of 
complement  in  the  form  of  fresh  nOrmal  rabbit  or  guinea-pig  serum. 
At  the  end  of  several  hours'  incubation  at  37.5°  C.  definite  quantities 
of  the  fluid  from  the  various  tubes  are  inoculated  into  melted  agar 
and  plates  are  poured  to  determine  the  bactericidal  action.  Carefu! 
colony  counting  in  these  plates  and  comparison  with  proper  controls 

>  ChanlemesM  and  Widal,  Ann.  de  I'inst.  Pasteur,  1892. 
'  Pfeiffer  und  KoUe,  Zeit.  t.  Ilyg.,  xxi,  1896. 
>S(em  und  Korle,  Beri.  klio.  Wocb.,  x.,  1904. 
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win  not  only  definitely  demonstrate  the  presence  of  bactericidal  eub- 
stances  in  the  immune  serum,  but  will  furnish  a  reasonably  accurate 
quantitative  estimation.  *  (For  these  tests  see  p.  255.) 

Although  normal  human  serum  contains  ui  small  quantity  substances 
bactericidal  to  typhoid  bacilli,  moderate  dilution,  1  :  10  or  1  :  20,  of  such 
serum  will  usually  suffice  toeliminate  any  appreciable  bactericidal  action. 
The  bactericidal  powers  of  immune  serum,  on  the  other  hand,  are  often 
active,  according  to  Stem  and  Korte,  in  dilutions  of  over  1  :  4,000  and  in 
one  case  even  of  1  : 4,000,000.  The  specificity  of  such  reactions  givey 
them  a  considerable  degree  of  practical  value,  both  in  the  biological 
identification  of  a  suspected  typhoid  bacillus  in  known  serum  and  in  the 
diagnosis  of  typhoid  fever  in  the  human  patient  by  the  action  of  the 
patient's  serum  on  known  tj'phbid  bacilli.  In  the  publication  of  Stem 
and  Korte,  quoted  above,  it  was  found  that  typhoid  patients  during  the 
second  week  often  possess  a  bactericidal  power  exceeding  1  :  1,000, 
whereas  the  blood  of  normal  human  beings  was  rarely  active  in  dilu- 
tions exceeding  1  :  50  or  1  ;  100.  While  scientifitally  accurate,  the  prac- 
tical application  of  bactericidal  determinations  for  diagnosis  presents 
considerable  technical  difficulties,  and  gives  way  to  the  no  less  accurate 
method  of  agglutination. 

Agglidinins. — Agglutinins  are  formed  in  animals  and  man  inoculated 
with  typhoid  bacilli,  and  in  the  course  of  typhoid  fever.  It  was,  in  fact, 
while  studying  the  typhoid  bacillus  that  the  agglutinins  were  first  dis- 
covered by  Gruber  and  Durham. 

In  animals,  by  careful  immunization,  specific  typhojd  agglutinins 
may  easily  be  produced  in  sufficient  quantity  to  be  active  in  dilution 
of  1  :  10,000,  and  occasionally  even  1  :  50,000  or  over.  In  the  blood 
of  typhoid  patients,  the  agglutinins  may  often  be  found  in  dilu- 
tions of  1  :  100  and  over.  It  is  interesting  to  note  that  irrespec- 
tive of  the  agglutinin  contents  of  any  given  serum,  there  may 
occasionally  be  not^d  differences  in  the  agglutinability  of  various 
typhoid  cultures,  a  point  which  is  practically  important  in  the  choice 
of  a  typhoid  culture  for  routine  diagnosis  work.  Weeny '  has 
called  attention  to  the  fact  that  bacilli  which  do  not  readily  agglutinate 
when  directly  cultivated  from  the  body,  may  often  be  rendered  more 
sensitive  to  this  reaction  by  several  generations  of  cultivation  upon 
artificial  media.    Walker  has  noted  *  a  loss  of  agglutinability  if  the  bacilli 

■  Weeny,  Brit.  Med.  Jour.,  18S9. 

•  Walker,  Jour,  of  Path,  aad  Bact.,  1892;  Totnika,  Zeit.  f.  Hyg.,  slv,  1903. 
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are  cultivated  in  immune  serum.  A  similar  alteration  in  the  agglutin- 
ability  of  typhoid  bacilli  was  noted  by  Eisenberg  and  Volk  '  when  they 
subjected  the  microorganism  to  moderate  heat  or  to  weak  acids  such  as 

The  practical  application  of  agglutination  to  bacteriological  work  is 
found,  as  in  the  case  of  the  bactericidal  substances,  in  the  identification 
of  suspected  typhoid  bacilli,  and  in  the  diagnosis  of  typhoid  fever. 

When  it  is  desired  to  determine  by  means  of  agglutination  whether 
or  not  a  given  bacillus  is  a  typhoid  bacillus,  mixtures  may  be  made 
of  young  broth  cultures,  or  preferably  of  emulsions  of  young  agar  cul- 
tures in  salt  solution,  with  dilutions  of  inuuune  serum.  The  tests  are 
made  microscopically  in  the  hanging-drop  preparation  or,  preferably, 
macroscopically  in  small  test  tubes.  In  all  cases  it  is  desirable  first  to 
determine  the  agglutinating  power  of  the  serum  when  tested  agunst 
a  known  typhoid  culture.  (For  detailed  technique,  see  chapter  on 
Technique  of  Serum  Reactions,  p.  250.) 

In  scientific  investigations,  specific  agglutinations  in  high  dilutioiis 
of  immune  serum  constitute  very  strong  proof  of  the  species  of  the  micro- 
organism and  may  often  furnish  much  information  as  to  the  biological 
relationships  between  similar  species.  It  is  found  in  immunizing  ani- 
mals with  any  given  strain  of  typhoid  bacilli,  that  there  are  formed 
the  "chief"  or  "major"  agglutinins  which  are  specific  and  active 
against  the  species  used  in  immunization,  and  the  "  group  "  or  "  minor " 
agglutinins,  active  also  against  closely  related  microorganisms.  The 
following  extract  from  a  table  will  serve  to  illustrate  this  point  in  the 
case  of  typhoid  and  allied  bacilli. 


HUhly  Immune  Trphtdd  Serum. 
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B.  enteritidis.     .    . 

The  sera  of  most  adult  normal  animals  and  human  beii^  usually 
contain  a  small  amount  of  agglutinin  for  these  bacilli.    Immuniza- 
tion with  the  typhoid  bacillus,  while  increasing  chiefly  the  agglutinin 
■  Eiaenberg  und  Votk.  Zeit.  f.  Hyg.,  xlv,  1903. 
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for  thb  bacillua  itself,  also  to  a  slighter  extent  increases  the  group  ag- 
glutinins  for  other  closely  allied  species.  That  these  group  agglu* 
tinins  are  separate  substances  and  not  merely  a  weaker  maDifeatatioa 
of  the  action  of  the  typhoid  agglutinin  itself  upon  these  other  micro- 
organisms,  may  be  demonstrated  by  the  experiments  of  agglntinijL 
absorption.     (See  section  on  A^lutinins,  page  234.) 

In  the  clinical  diagnosis  of  uphold  fever,  the  phenomenon  of 
a^lutination  was  first  utilized  by  WidaL'  This  observer  called  at- 
tention to  the  fact  that  during  the  last  part  of  the  first  or  the  earlier 
days  of  the  second  week  of  typhoid  fever,  as  well  as  later  in  the  dis- 
ease and  in  coavalescence,  the  blood  serum  of  patients  woiUd  cause 
agglatinatiou  of  typhoid  bacilli  in  dilutions  of  1 :  10,  or  over,  whereas 
the  serum  of  normal  individuals  usually  exerted  no  such  infiuence. 
Upon  this  basis  he  recommended,  for  the  diagnosis  of  the  disease,  the 
employment  of  a  microscopic  agglutination  test  carried  out  by  the 
usual  hanging-drop  technique.  The  reaction  of  Widaf  is,  at  present, 
widely  depended  upon  for  diagnostic  purposes  and  although  not  uni- 
versally successful,  owing  to  irregularities  in  agglutinin  formation 
in  some  patients  and  because  of  differences  in  agglutinability  of  the 
cultures  employed,  it  is  nevertheless  of  much  value.  The  fact  that 
the  recent  work  of  Hooker  and  of  Weiss  has  shown  that  typhoid  bacilli 
differ  in  antigenic  properties,  and  may  on  the  basis  of  agglutination 
and  agglntinine  absorption  be  divided  into  a  number  of  groups,  will 
necessitate  the  use  of  several  cultures  for  Widal  reactions.  The  orig- 
inal conclusions  as  to  the  dilutions  of  the  serum  which  must  be  em- 
ployed, have,  however,  necessarily  been  modified.  Owing  to  the  fact 
that  Gruber,*  Stem,*  Frankel,*  and  a  number  of  others  have  found  that 
occasionally  normal  serum  will  give  rise  to  a^lutination  of  typhoid 
bacilli  in  dilutions  exceeding  1 :  10,  it  has  been  found  necessary,  when- 
ever making  a  diagnostic  test,  to  make  several  dilutions,  the  ones  most 
commonly  employed  being  1 :  20,  1 :  40,  1 :  60,  and  1 :  80.  The  wide 
application  of  the  method  has  given  rise  to  the  development  of  a 
number  of  technical  procedures,  all  of  them  devised  with  a  view 
toward  simplification.  In  ordinary  hospital  work,  it  is  most  con- 
venient to  keep  on  hand  upon  slant  agar,  a  stock  typhoid  culture,  the 
a^lutinability  of  which  is  well  known.  From  this  stock  culture,  fresh 

>  Widal,  Bui),  de  la  soc.  m£d.  des  hApit,  vi,  1896;  Widid  et  Siaiffd,  Ann.  de 
I'inBt.  PB8t«ur,  xi,  1807. 

*Qniher,  Vcrhuid.  Coogr.  f.  inn.  Med.,  Wiesbaden,  1890. 

*&tnt,  Cent.  f.  inn.  Med.,  itlix,  1899.        ^Premkd,  Deut.  mod.  Woch.,  ii,  1897. 
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inoculations  upon  neutral  bouillon  ehould  be  made  each  day,  bo  that  a 
young  broth  culture  may  always  be  on  hand  to  funiish  actively  motile, 
evenly  distributed  bacteria.  These  bouillon  cultures  may  be  grown 
for  from  six  to  eight  hours  at  incubator  temperature  or  for  from  twelve 
to  eighteen  hours  at  room  temperature.  The  temperatures  at  which 
the  broth  cultures  are  kept  must  depend,  to  a  certain  extent,  upon  the 
peculiarities  of  the  typhoid  baciUus  Employed,  since  some  strains  arc 
rather  more  actively  motile  and  furnish  a  more  suitable  emulsion  if  kept 
at  a  temperature  lower  than  37.5°  G.  A  false  clumping  in  the  broth 
cultures  due  to  a  too  high  acidity  of  the  bouillon  or  a  too  prolonged 
incubation,  must  be  carefully  guarded  against.  It  is  also  possible  to 
use  for  thb  test  an  emulsion  of  typhoid  bacilli  prepared  by  rubbing  up  a 
small  quantity  of  a  young  agar  culture  in  salt  solution.  Uniformity 
in  the  preparation  of  broth  cultures  or  of  emulsions  should  be  observed, 
since  the  quantitative  relationship  between  typhoid  bacilli  and  agglu- 
tinins will  markedly  affect  the  completeness  or  incompleteness  of  the 
reaction.  In  high  dilutions  an  c.\cess  of  typhoid  bacilli  may  bring  about 
complete  absorption  of  all*  the  agglutinins  present,  without  a^utinttt- 
ing  all  the  microorganisms.  * 

The  blood  of  the  patient  to  be  used  for  a  Widal  test  may  be  obtained 
in  a  number  of  ways.  The  most  convenient  method  is  to  bleed  the  pa- 
tient from  the  ear  or  finger  into  a  small  glass  capsule,  in  the  form  of  that 
used  in  obtaining  blood  for  the  opsonin  test,  or  into  a  small  centrifuge 
tube.  About  0.5  to  ]  c.c,  is  amply  sufficient.  These  capsules  or  tubea, 
after  clotting  of  the  blood,  may  be  placed  in  the  centrifuge  which  in  a 
few  revolutions  will  separate  clear  serum  from  clot.  The  dilutions  of 
the  serum  are  then  made.  It  is  best  to  use  sterile  physiological  salt  solu- 
tion as  a  diluent,  but  neutral  broth  may  be  used.  The  dilutions  may  be 
made  either  by  means  of  an  ordinary  blood-counting  pipette  or  by  means 
of  a  capillary  pipette  upon  which  a  mark  with  a  grease  pencil,  made 
about  an  inch  from  the  tip,  furnishes  a  unit  of  measure,  and  upon 
which  suction  is  made  by  means  of  a  rubber  nipple.  It  is  convenient 
to  have  at  hand  a  small  porcelain  palette  such  as  that  used  by  painttrs, 
in  which  the  various  cup-like  impressions  may  be  utilized  to  contain  th^ 
various  dilutions.  Dilutions  of  the  serum  are  made,  ranging  from  1  :  10 
to  1  :  50.  A  drop  of  each  of  these  dilutions  is  mixed  with  a  drop  of  the 
typhoid  culture  or  emulsion  upon  the  center  of  a  cover-slip  and  the  cover- 
slip  inverted  over  a  hollow  slide.  A  control  with  normal  serum  and 
the  same  culture  should  always  be  made  and  also  one  with  the  culture 
alone  to  exclude  the  possibility  of  spoHt*PWU9  clumping,    Mistun 
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with  the  t3T)hoid  culture,  of  course,  each  time  doubles  the  dilutions 
9o  that,  for  instance,  a  drop  of  serum  dilution  1  :  10,  plus  a  drop  of 
the  typhoid  culture,  gives  the  final  dilution  of  1  :  20.  The  prepara- 
tions may  be  examined  with  a  high  power  dry  lens  or  an  oil  im- 
mersion lena.  In  a  positive  reaction,  the  bacilli,  which  at  first  swim 
about  actively,  singly  or  in  short  chains,  soon  begin  to  gather  in  small 
groups  and  lose  much  of  their  activity.  Within  one-half  to  one  hour, 
they  will  be  gathered  in  dense  clumps  between  which  th&  fluid  is  clear 
and  free  from  bacteria,  and  only  upon  the  edges  of  the  agglutinated 
masses  may  slight  motility  be  observed.  The  degree  of  dilution  and 
the  time  of  exposure  at  which  such  a  reaction  may  be  regarded  as" of 
specific  diagnostic  value,  have  been  largely  a  matter  of  empirical  de- 
termination. It  is  generally  accepted  at  present  that  complete  agglu- 
tination within  one  hour  in  dilutions  from  1  :  40  to  1  :  CO  is  definite 
prcof  of  the  existence  of  typhoid  infection.  Exceptions,  however.^to 
this  rule  may  occur.  Agglutinations  of  typhoid  bacilli  in  dilutions  of 
I  :  40,  and  over,  have  occasionally  been  observed  in  cases  of  jaundice 
and  of  tuberculosis,  and  these  conditions  must  occasionally  be  consid- 
ered, though  their  importance  was  formerly  exaggerated. 

The  method  of  making  the  Widal  test  from  a  drop  of  whole  blood, 
dried  upon  a  slide,  U  not  to  be  recommended,  as  accuracy  in  dilution 
by  this  method  is  practically  impossible. 

As  stated  above,  the  agglutinin  reaction  rarely  appears  in  typhoid 
fever  before  the  beginning  of  the  second  week.  It  may  continue  during 
convalescence  for  as  long  as  six  to  eight  weeks  and  occasionally,  in  cases 
where  there  is  a  chronic  infection  of  the  gall-bladder,  a  Widal  reac- 
tion may  be  present  for  years  after  an  attack. 

For  very  exact  work,  even  in  clinical  coses,  the  microscopic  ^glu- 
tination  method  may  be  replaced  by  macroscopic  agglutination,  ac- 
cording tathe  technique  described  in  another  section  (page  229), 

In  order  to  avoid  both  the  necessity  of  keeping  ahve  typhoid  cultures 
for  routine  agglutination  tests  and  also  to  preclude  the  danger  of  in- 
fection by  the  use  of  living  culture,  Ficker '  has  recommended  the  use 
of  typhoid  bacilli  killed  by  formalin.  This  method  has  no  advan- 
tages for  practical  purposes  and  in  scientific  bacteriological  work  it  is, 
of  course,  not  to  be  considered  in  comparison  with  the  other  exact 
methods. 

PrecipUins. — The  investigations  of  Kraus'  in  1897,  by  which  the 

>  Fideer,  BerL  klin.  Woch.,  xlviii,  1903,     <  Krmu,  Wien.  klin.  Wodi,,  xxxij,  1897. 
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precipitins  were  discovered,  revealed  specific  precipitating  substances, 
among  others,  also  ia  typhoid  immune  sera.  Since  lO'aus'  original  in- 
vestigatioQ,  these  substances  have  been  studied  by  Norrls  '  and  others.* 

Op8oni?is. — A  number  of  observers  have  shown  that  ojjsonins  specific 
for  the  typhoid  bacillus  are  formed  in  aaimab  immunized  with  these 
organisms.  Opsonins  are  formed  also  in  patients  suffering  from  typhoid 
fever,  but  exact  opsonic  estimations  in  all  these  cases  are  extremely 
difficult  because  of  the  rapid  lysis  which  these  bacteria  may  imdergo 
both  in  the  serum,  and  intracelluiarly  after  ingestion  by  the  leucocytes. 
Klein  *  has  attempted  in  part  to  overcome  this  difficulty  by  wortdng 
with  dilutions  of  serum  and  at  the  same  time  using  comparatively  thick 
bacterial  emulsions  and  exposures  to  the  phagocytic  action  not  exceed- 
ing ten  minutes.  Chantcmesee  *  has  claimed  that  the  opsonic  index  of 
typhoid  patients  was  increased  after  treatment  with  a  scrum  obtained 
by  him  from  immunized  horses,  and  Harrison '  has  reported  similar 
results  in  patients  treated  by  a  modification  of  Wright's  method  of 
active  immunization.  Klein  claims  to  have  demonstrated  that  in 
typhoid-immune  rabbits,  after  five  injections,  the  opsonic  contents  of 
the  blood  were  increased  to  an  equal  extent  with  the  bactericidal  sub- 
stances. He  concludes  from  this  interesting  observation  that  it  may 
well  be  that  the  opsonins  are  quite  as  important  in  typhoid  immimtty 
as  are  the  latter  substances. 

For  diagnostic  purposes  in  typhoid  fever  the  estimation  of  the  opsonic 
index,  so  far,  has  not  been  proven  to  be  of  great  value. 

Sptdfle  Therapy  in  Typhoid  Fevar. — ^The  failure  to  produce  a  soluble 
toxin  from  typhoid  cultures  has  naturally  so  far  precluded  the  possibility 
of  an  antitoxic  therapy,  such  as  that  which  has  been  successful  in  diph- 
theria. In  the  light  of  our  present  knowledge  of  the  poisonous  products 
of  the  typhoid  bacillus  it  seems  but  natural  that  attempts  by  earlier 
investigators  to  apply  the  principles  of  Boliring's  work  to  typhoid  fever 
were  doomed  to  fail.  Attempts  to  employ  specific  bactericidal  and  bac- 
teriolytic sera  for  therapeutic  purposes  in  this  disease  have  also  been 
without  favorable  result. 

AcUve  Prophyladic  Itnmunizalion. — We  have  seen  that  work  by 
PfnfTer  and  Kolle  and  later  by  many  others  iias  shown  tliat  it  is  oom- 

■  NotU,  Jour,  of  Inf.  Du.,  I,  3,  1904. 

)  Barker  and  CoU,  22d  Ann.  Seaeion,  Afisn.  of  Amer.  Phyj.,  Wash.,  1897. 

*KUin,  Bull.  Johns  Hopkins  Hosp.,  1907. 

<  CkattUmeMe,  14th  Int«matl.  Cong,  for  Hyg.,  Berlin,  1907. 

*HarrUon,  Jour,  Royal  Army  Med.  Corps,  8, 1907. 
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paratively  easy  to  immunize  animals  actively  against  typhoid  infection 
by  the  systematic  injection  of  graded  doses,  at  first  of  dead  bacilli,  later 
of  fully  virulent  Uve  cultures.  Attempts  to  apply  these  principles  pro- 
phylactic&lly  have  been  made  recently  on  a  large  scale  by  Wright  and 
his  associates  upon  English  soldiers  in  South  Africa,  and  by  German 
observers  in  German  East  ^Vfrica, 

The  first  recorded  experiment  of  this  sort  which  was  done  upon  human 
beings  was  that  of  Pfeiffer  and  KoUe,'  who  in  1S96  treated  two  in- 
dividuals with  subcutaneous  injections  of  an  agar  culture  of  typhoid 
bacilli  which  had  been  sterilized  at  56°  C.  The  first  injection  was  made 
with  two  milligrams  of  this  culture.  Three  or  four  hours  after  the  in- 
jection the  patient  suffered  from  a  chill,  his  temperature  gradually  rose 
to  105°  F.,  and  there  was  great  prostration  and  headache,  but  within 
twenty-four  hours  the  temperature  had  returned  to  normal. 

This  experiment  showed  that  such  injections  could  be  practiced  upon 
human  beings  without  great  danger. 

Simultaneously  with  the  work  of  Pfeiffer  and  KoUe,  Wright '  con- 
ducted similar  experiments  on  officers  and  privates  in  the  English  army. 

The  actual  number  of  persona  treated  directly  or  indirectly  under 
Wright's '  supervision  in  an  investigation  covering  a  period  of  over  four 
years  comprised  almost  one  hundred  thousand  cases.  The  methods 
employed  by  Wright  have  been  modified  several  times  in  minor  details; 
the  principles,  however,  have  remained  consistently  the  same.  In  the 
first  experiments  Wright  employed  an  i^ar  culture  three  weeks  old, 
grown  at  37°  C,  then  sterilized  at  a  temperature  below  60"  C,  and  pro- 
tected from  conUunination  by  the  addition  of  five-tenths  per  cent  of 
carboUc  acid.  Later,  Wright*  employed  bacilli  grown  in  a  neutral 
one-per-cent  pepton  bouillon  in  shallow  layers  or  flasks. 

Great  importance  is  attached  both  to  the  virulence  of  the  typhoid 
strain,  which  may  to  a  moderate  extent  be  standardized  by  passage 
through  guinea-pigs,  and  to  care  in  using  low  temperatures  for  final 
sterilization.  The  temperature  recommended  by  Harrison,*  is  52°  C, 
after  which  the  cultures  are  carbolized. 

'  Pfeiffer  und  KoOe,  Deut,  med.  Woch.,  xxii,  1896;  xxiv,  1898. 

*  Wrigla,  LaDoet,  Sept.,  1896. 

*  Wright  and  Semjik,  Brit.  Med.  Jour.,  1897;  Wright  and  Leuhman,  Brit.  Med. 
Jour.,  Jan.,  1900. 

*  Wright,  Brit.  Med.  Jour.,  1901;  Lancet,  Sept.,  1902;  Brit.  Med.  Jour.,  Oct., 
1003. 

*  D'vrtMn,  Jour.  Royal  Army  Medical  Corps,  1907. 
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It  is  nevertheless  extrenieiy  difficult  to  tabulate  satisfactory  statis- 
tics from  a  mass  of  experiments  observed  by  a  lai^  nnmber  of  indi- 
viduals.  Ou  the  whole,  however,  it  seems  fair  to  state  that  advan- 
tageous results  followed  the  active  immunization  practiced  by  Wright 
Wright's  own  estimation,  iu  a  careful  attempt  to  present  the  subject 
fairly,  gives  a  reduction  of  the  morbidity  from  typhoid  fever  in  the 
British  army  of  fifty  per  cent,  and  a  reduction  of  the  mortality  of  those 
who  became  infected  in  spite  of  inoculations  of  fifty  per  cent  also. 
It  is  not  at  all  impossible  that  a  number  of  different  strains  will  have 
to  be  used  eventually  for  the  ideal  vaccine,  inasmuch  as  the  antigenie 
differences  which  have  been  recently  discovered  and  alluded  to  would 
make  it  seem  that  no  single  strain  can  be  expected  to  produce  anti- 
bodies which  would  protect  against  all  other  strains.  It  is  not  impoB- 
Bible  that  some  individual  strain  may  combine  the  antigenic  properties 
of  the  entire  group.    This,  however,  has  still  to  be  worked  out 

The  method  of  Peilfer  and  Kolle  consists  in  the  injection  of  salt- 
solution  emulsions  of  fresh  agar  cultures  sterilized  at  60°  C.  The 
results  reported  were  in  general  favorable. 

Recent  extensive  tests  in  the  United  States  Army,  observed  by  Rus- 
sell,* seem  to  have  removed  any  doubt  which  may  have  existed  as  to 
the  efficacy  of  prophylactic  typhoid  vaccination.  Russell's  statistics 
show  a  steady  decline  of  typhoid  in  the  U.  S.  Army  beginning  with  the 
introduction  of  compulsory  vaccination  in  1910.  In  1913  there  was 
but  one  case  among  over  80,000  men. 

The  method  at  present  employed  is  as  follows:  The  "Rawlinga" 
strain  of  typhoid,  obtained  from  Wright,  is  used.  Eighteen-hour  agar 
cultures  in  Kolle  flasks  are  washed  off  with  sterile  saline  to  an  approxi- 
mate concentration  of  one  billion  to  the  c.c.  The  suspension  is  killed 
at  53°  C.  for  one  hour  and  0.25  per  cent  tricresol  is  added.  Aerobic 
and  anaerobic  culture  controls  are  made  and  a  rabbit  and  mouse  inocu- 
lated to  insure  sterility.  For  immunization  3  to  4  doses  are  given 
ranging  in  quantity  from  500  million  to  one  billion  at  7  to  10  day 
intervals.  The  protection  probably  lasts  about  2  years,  though  this  is 
not  certain. 

Another  point  of  importance  in  this  connection  has  recently  beai 
raised  by  MetehnikoPE  and  Besredka.*  They  vaccinated  chimpanzees 
with  typhoid  bacilli  and  found  that  when  emulsions  of  the  dear  bae- 

>  Russell,  Am.  Jour,  of  Med.  Sc.,  cxlvj,  1913. 

■  Metcknikoff  and  Bttredka,  Am.  de  I'inat.  Past.,  1911. 
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teria  were  used,  protection  ■was  only  slight.  Better  results  were  ob- 
tained— that  is,  apparently  complete  protection  within  8  to  10  days — 
when  living  sensitized  bacteria  were  injected.  (Bacteria  which  had 
been  exposed  to  the  action  of  inactivated  immune  serum.)  Brough- 
ton '  has  applied  this  method  to  human  beings.  Gay '  has  also  pre- 
pared a  sensitized  dead  typhoid  vaccine  which  he  has  already  used  in 
a  considerable  number  of  cases.  It  will  take  some  time,  however,  before 
a.  statistical  estimation  of  the  superiority  of  this  method  over  the  older 
vaccination  with  dead  bacteria  will  be  possible. 

Attempts  have  recently  been  made  to  treat  active  typhoid  fever  by 
intravenous  injections  of  sensitized  vaccines.  The  cases  are  as  yet  too 
few  to  permit  final  judgment. 

BACILLUS  FECALI8  ALKALIOEMBS 

In  1896  Petruschky  '  described  a  bacillus  which  is  a  not  infrequent 
inhabitant  of  the  human  intestine,  being  found  chiefly  in  the  lower 
part  of  the  small  intestine  and  the  large  intestine.  This  organism, 
which  be  called  Bacillus  fecalis  alkaligenes,  is  of  little  pathogenic  im- 
portance, although  Neufeld  states  that  he  has  seen  a  case  of  severe 
gastroenteritis  in  which  the  watery-  defecations  contained  this  bacillus 
in  almost  pure  culture.  Ah  a  rule,  however,  this  organism  cannot  be 
regarded  as  pathogenic,  and  is  important  chiefly  because  of  the  ease 
with  which  it  may  be  mistaken  for  Bacillus  typhosus. 

Bacillus  fecalis  slkaligenes  is  an  actively  motile,  Gram-negative 
bacillus,  possessing,  like  the  typhoid  bacillus,  numerous  peritrichal 
flagella.  On  the  ordinary  culture  media  it  grows  like  the  typhoid 
bacillus.  It  does  not  coagulate  milk.  It  produces  no  indol,  and  on 
sugar  media  in  fermentation  tubes  produces  no  acid  or  gas.  On 
potato,  its  growth,  while  somewhat  heavier  than  that  of  the  typhoid 
bacillus,  is  not  sufficiently  so  to  permit  easy  differentiation.  It  differs 
from  Bacillus  typhosus  in  that  it  produces  no  acid  on  any  of  the  sugar 
media,  and  is  therefore  easily  differentiated  by  cultivation  upon  Hiss 
serum-water  media  or  on  pepton  waters  containing  sugars.  On  the 
Hiss  semi-solid  tube-medium  Bacillus  fecalis  alkaligenes,  while  cloud- 
ing the  medium  thronghout,  grows  most  heavily  on  the  surface,  where, 
eventually,  it  forms  a  pellicle. 

'  Bnm^hbm,  C.  R.  de  I'Acad.  des  Sc,  cliv,  1911. 

'  Oau,  Arch,  of  Int.  Med.,  1914. 

•  Pelrutehky,  Cent.  f.  Bakt.,  I,  nx,  1896. 
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BACILLI  OF  THE  COLON-TYPHOID-DYSENTERY  GROUP 

(Continued) 

BAdZLLZ  ZNTIBHEDUTE  BETWEEN  THE  TTFHOZD  ASD  OOLOH 
OBGIBZSMS 

{Bacilli  of  Meat  Poisoning  and  Paraiyphoid  Fever) 

There  is  an  extensive  group  of  Gram-negative  bacilli  which  be- 
cause of  their  morphology,  cultural  behavior,  and  pathogenic  properties, 
are  classified  as  intermediate  between  the  colon  and  the  typhoid  types. 
The  microorganisms  belonging  to  thb  group  have  been  described,  most 
of  them,  within  the  last  fifteen  years,  but  few  of  them  have  been  fully 
identified  with  one  another.  They  have  been  variously  designated  as  ihn 
"hog-cholera  group,"  "the  enteritidia  group,"  the  "paracolon  group" 
or  "  paratyphoid  group,"  because  of  the  pathological  conditions  with 
which  the  chief  members  under  investigation  have  been  found  associated. 

Attempts  to  systematize  the  group  by  the  comparative  study  of  a 
large  number  of  its  members  have  been  made,  notably  by  Buxton* 
and  by  Duriiam,'  and  the  work  of  these  writers,  based  on  cultural  and 
agglutinative  studies,  has  added  materially  to  our  knowledge  of  these 
organisms. 

The  microorganisms  of  this  group  are  morphologically  indistinguish- 
able from  the  colon  and  typhoid  bacilli.  They  are  Gram-negative  and 
possess  ftagella.  Their  motility  is  variable,  but  usually  approaches 
that  of  the  typhoid  bacilli  in  activity.  They  correspond,  furthermore, 
to  the  two  other  groups  in  their  cultural  characteristics  upon  broth,  agar, 
and  gdatin.  On  polaio,  they  vary,  some  of  them  approaching  in  deli- 
cacy the  typhoid  growth  upon  this  metlium,  others  more  closely 
approximating  the  heavy  brownish  growth  of  B.  coli.  Iiidd,  is  rarely 
formed  by  them,  though  this  has  not  been  absolutely  constant  in  aU 
descriptions.    As  a  group,  they  are  easily  distinguished  from  Bacillus 

>  BuxUm,  Jour.  Hed.  Res.,  N.  S.,  iii,  1900.    '  Durham,  Jour.  Exper.  H«d.,  v,  1901. 
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typhosus  on  the  one  band,  and  from  Bacillus  coli  on  the  other,  by  the 
[ollowing  simple  reactions  tabulated  by  Buxton.' 


B.  ™l[. 

i.^™«iut«„ 

B.  (ypbonu- 

+ 
+ 
+ 
+ 

+ 

■ 

Fermentation  ol  Isctoae  with  gas 

Agglutination  in  typhoid-immune  scrum . 

+ 

Characteristics  of  the  three  groupa  as  <shov/n  by  fermentation  teats 
follow: 


lJ"lr™ 

CoQpon 

LoctOK. 

'^i.'S^. 

nSidt! 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 

+ 

B  acidi  Uctici 

Pathogonically,  the  bacilli  of  thia  "intermediate  group"  have  attracted 
attention  chiefly  in  connection  with  meat  poiaonii^;,  and  with  protracted 
fevers  indistinguishable  from  mild  typhoidal  tnfectiona. 

In  1888,  Gartner*  described  a  bacillus  which  he  isolated  from  the 
meat  of  a  cow,  the  ingestion  of  which  had  produced  the  aymptoms  of 
acute  gastrointestinal  catarrh  in  57  people.  One  of  these  ^ed  of  the 
disease  and  the  bacilli  could  be  demonstrated  in  the  spleen  and  blood  of 
the  patient. 

This  bacillus,  celled  BacUlua  enteriCidis  by  Gartner,  was  actively 
motile,  formed  no  indol,  but  produced  gas  in  dextrose  media.  Acute 
gastrointestinal  symptoms  could  be  induced  by  feeding  the  organiams 
to  mice,  guinea-pigs,  rabbits,  and  sheep,  and  the  bacilli  could  be  recov- 
ered from  the  infected  animals.  An  interesting  observation,  which 
has  unce  become  important  in  characterizing  the  group  of  these  bacilli 
concerned  in  meat  poisoning,  was  the  fact  that  the  bacterial  bodies 
themselves  were  found  by  Gartner  to  be  extremely  toxic,  containing  a 
poison  which,  in  contradistinction  to  the  endotoxins  of  many  other 
microorganiams,  was  extremely  resistant  to  heat.  Sterilized  culturea 
showed  the  aame  patht^enic  effects  as  the  living  bacilli.     Epidemics 

•  Buxlon,  loc.  cit.  '  Jachtm. 

'Gartner,  Coireap.  Bl.  d.  Aerzt.  Vcrciiir,,  Turhijjen,  ir.:^^. 
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of  meat  poisoning  similar  to  the  one  described  by  Gartner,  in  which 
Bimilar  bacteria  were  isolated,  were  those  described  by  Van  Ermen- 
gem/  occurring  at  Morseele  in  1891,  the  one  described  by  Hoist,*  the 
Rotterdam  epidemic  described  by  Poels  and  Dhont,^  the  one  described 
by  Basenau,  and  many  others. 

Bacillus  Morseele  of  Van  Ermengem,  Bacillus  bovis  morbificans  of 
Basenau,*  and  bacilli  isolated  in  similar  epidemics  by  others,  are,  ex- 
cept for  slight  differences  in  minor  characteristics,  almost  identical 
with  Gartner's  microorganism. 

In  1893,  Theobald  Smith  and  Moore  *  noted  a  great  similarity  be- 
tween the  so-called  hog-cholcra  bacillus,  the  bacilli  of  the  Gartner 
group,  and  Bacillus  typhi  murium  isolated  by  Loefller.  These  ob- 
servers  first  used  tlie  term  "hog-cholera"  group  for  the  organisms 
under  discussion. 

In  1899  Reed  and  Carroll  *  noted  that  BaciUus  icteroides,  asso- 
ciated by  Sanarelli  with  yellow  fever,  was  culturally  similar  to  the 
bacillus  of  hog  cholera. 

Meanwhile,  other  observers  had  been  isolating  bacilli,  similar  to 
those  spoken  of  above,  from  cases  of  protracted  fevers  in  human 
beings,  often  closely  simulating  typhoid  infections.  The  first  cases  of 
this  kind  on  record  were  those  of  Achard  and  Bensaude.' 

In  1897,  Widal  and  Nobecourt  *  described  a  bacillus  which  they  had 
isolated  from  an  esophageal  abscess  following  typhoid  fever,  which 
closely  resembled  Bacillus  psittacosis  of  Nocard,*  and  which,  following 
a  nomenclature  previously  suggested  by  Gilbert,^"  they  designated  the 
paracolon  bacillus.  This  microorganism,  isolated  from  a  parrot  by 
Nocard,  showed  a  close  resemblance  to  bacilli  of  the  Gartner  group. 

There  are  a  large  number  of  apparently  nonpatht^enic  organisms 
sometimes  referred  to  as  paratyphoid  C,  but  better  perhaps  as  "  hetero- 
genous types,"  which  are  culturally  identical  with  the  paratyphoid 

1  Van  Ermmgem,  Dull.  Acad.  d.  m^.  de  Belgique,  1892;  "Trav.  de  lab.  de 
Puniv.  de  Gaud,"  1892. 

*  HoUt,  Ret.  CcDt.  F.  Bakt.,  ivii,  18ft5. 

*  PoeU  und  DIumi,  Holland  Zeit  f.  Tierheilkunde,  xxui,  18M. 

*  Bagenau,  Arch.  f.  Hyg.,  xx,  1894. 

>  Tk.  Smilh  and  Moore,  V.  8.  Bureau  of  Animal  Industry  Bull.,  vi,  1894, 
'  Reed  and  CarroK,  Medical  News,  Ixxiv,  1899. 

'  Aehard  and  Benmwie,  Bull,  de  la  soc.  d.  h6pitatu  de  Paris,  Nov.,  1906. 
'  Widal  et  Nobecouri,  Semaine  mfid.,  Aug.,  1897. 
■  Noeard,  Ref.  Baumf^rt«n's  Jahreab.,  1896. 
"  Gilbert,  Seroaine  rofid.,  1895. 
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but  do  not  agglutinate  in  either  paratyphoid  A  or  B  sera.  An  anti- 
serum produced  with  these  types  usually  reacts  with  the  homologous 
strain  only.  Such  organisms  have  been  studied  by  Krumwiede  and 
many  others,  including  ourselves.  Strains  recently  isolated  at  this 
laboratory  came  from  cases  of  nephritis,  German  measles,  jaundice, 
and  the  stools  of  healthy  soldiers,  done  as  a  matter  of  routine. 

In  1898,  Gwyn '  reported  a  ease  at  the  Johns  Hopkins  Hospital, 
which  presented  all  the  symptoms  of  typhoid  fever,  but  lacked  serum 
agglutinating  power  for  Bacillus  typhosus.  From  the  blood  of  the  pa- 
tient, Owj-n  isolated  an  organism,  with  cultural  characteristics  similar 
to  those  of  the  Gartner  bacillus,  which  he  called  a  "paracolon  bacillus." 
This  bacillus  was  agglutinated  specifically  by  the  serum  of  the  patient. 

Cnabing,*  in  1900,  isolated  a  similar  microorganism  from  a  costo- 
chondral  abscess,  appearing  during  convalescence  from  typhoid  fever. 
■  In  the  same  year,  Schottmuller  *  reported  five  cases  from  which 
similar  bacilli  were  isolated.  Careful  ciiltural  studiey  of  the  microor- 
ganisms here  obtained  showed  that  they  could  be  divided  into  two  simir 
Ur,  yet  distinctly  different  types,  one  of  them,  the  "Miiller"  organism, 
approaching  closely  to  the  typhoid  type,  especially  in  its  growth  upon, 
potato;  the  other,  the  "Seeman"  type,  corresponding  more  closely  to 
the  Gartner  bacilli.  Similar  cases  were  reported  by  Kurth,'  Buxton 
and  Coleman,"  Libman,"  and  others. 

The  two  types  of  organisms,  paratyphoid  A  and  B,  described  by 
Schottniiiller  and  studied  by  many  other  observers,  can  be  eultnrally 
differentiated,  though  not  without  difficulty. 

Type  A  is  more  delicate  in  its  growth  on  various  media  than  B, 
growing  with  almost  invisible  growth  on  potato,  and  differing  from 
typhoid  in  its  gas  formation  on  dextrose  broth.  Milk  is  not  coagu- 
lated, but  remains  turbid,  not  being  finally  cleared  by  solution  of  the 
casein  as  in  similar  cultures  of  type  B.  Lactose  whey  is  acidified  and 
remains  acid.  This  organism  has  been  isolated  from  the  normal  intes- 
tines of  animals  by  Morgan.'  Kutscher  for  this  reason  suggests  that 
essentially  and  except  in  rare  instances  this  organism  is  a  non-patho- 

'Guii/n,  Johns  Hopkins  Hoap.  Bull.,  1898. 

*  Cuahing,  Johns  Hopkins  Hosp.  Bull.,  1900. 

'  SehaUmmier,  Deut.  med.  Woch.,  1900;  Zeit.  f,  Hyg.,  xxvi. 

*  KvrtJi,  Deut.  med.  Woch.,  1901. 

*  BtLTbm  and  Coleman,  Proc.  N.  Y.  Pathol.  Soo.,  Feb.,  1902. 
*LQiman,  Jour.  Med.  R«8.,  N.  S.,  iii,  1902. 

'  Morgan,  dted  from  Kulieher,  KoUe  und  Wattermann,  HaadbQch.  Brgiiniunp,  I. 
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genie  saprophyte.  Recently  Krumwiede,  Pratt,  and  Kohm  have  shown 
that  the  members  of  this  group  and  some  of  the  so-called  paratjrphoid 
C  groap  may  be  distinguished  from  all  the  other  paratyphoids  by 
inability  to  ferment  xylose,  and  Weiss  has  shown  paratyphoid  A  nay 
be  subdivided  on  the  basis  of  antigenic  properties. 

Type  B  grows  more  heavily  on  all  media  than  A,  especially  on 
potato  (though  this  is  irregular).  Milk  is  slightly  acidified  at  first, 
but  eventually  is  rendered  alkaline  and  cleared,  possibly  by  casein 
solution. 

Subdivision  of  this  group  was  made  by  Weiss  and  others  on  the 
basis  ot  inosite  fermentation.  Eventual  differentiation  must  be  made 
by  agglutination. 

The  diseases  caused  by  these  bacteria  may  be  divided  aa  follows: 

I,  Those  which  fall  into  the  category  of  meat  poisoning  with  sudden 
onset  of  gastroenteric  symptoms  following  ingestion  of  meat;  and 

II.  Those  in  which  the  disease  simulates  a  mild  typhoid  fever,  dif- 
fering from  this  only  by  the  absence  of  the  specific  agglutination. 

The  differential  diagnosis  between  the  second  type  of  ease  and  true 
typhoid  fever  may  be  extremely  difficult.  In  contradistinction  to 
true  typhoid  the  temperature  reaction  of  this  case  may  set  in  more 
abruptly  and  remain  more  irregular  throughout  the  disease.  Gastric 
symptoms,  vomiting,  and  nausea  are  often  more  prominent  than  in 
typhoid  fever  and  enlargement  of  the  spleen  is  leas  regularly 
present.  Owing  to  the  low  mortality  of  paratyphoid  fever  (in 
120  cases  observed  by  Lentz  •  less  than  4  per  cent,  and  in  many 
other  smaller  epidemics  no  deaths  have  occurred) ,  we  have  remained 
relatively  ignorant  concerning  the  pathologic  anatomy  of  the  dis- 
ease. Longcope'  observed  a  ease,  fatal  after  two  weeks  of  iUneffl, 
in  which  there  was  no  enlargement  of  Peyer's  patches  and  no  sign  of 
even  beginning  ulceration.  Most  other  observers  have  also  found  less 
involvement  of  the  lymphatics  of  the  bowel  than  is  found  in  typhoid 
fever.  During  the  disease  the  bacteria  can  often  be  cultivated  from 
the  blood,  and  the  serum  of  the  patient  may  agglutinate  specifically 
paratyphoid  strains.  In  this  way  the  diagnosis  can  often  be  made. 
Libmann  '  has  isolated  the  organism  from  the  fluid  aspirated  from  the 
gall  bladder  in  a  case  operated  on  for  cholecystitis. 

Most  of  these  microorganisms  possess  pathogenicity  for  mice,  gninea- 

'Lenlz,  Klin.  Jahrb.,  \iv,  1914. 

'  Longcope,  Amer.  Jour,  of  Med.  ScieDcea,  cxxiv,  1902. 

■  Libmann,  Jour,  of  Med.  Res.,  viii,  1902. 
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pigs,  and  rabbits,  which  exceeds  that  of  the  colon  or  typhoid  bacilli. 
A  number  of  the  bacilli  of  this  group,  furthermore,  especially  those  most 
closely  similar  to  the  original  E.  enteritidis  of  Gartner,  contain  an  endo- 
toxin which  shows  a  high  resistance  to  heat,  whit:h  may  explain  the  fact 
Uut  illness  has  occasionally  followed  the  ingestion  of  infected  meat  even 
after  preparation  by  cooking. 

Bacteriological  correlation  of  these  bacilli  has  been  attempted,  as 
stated  above,  by  Durham  and  by  Buxton,  and  more  recently  by 
Eutecber  and  Meinicke.'  The  subject  is  a  difficult  one  and  for  ultimate 
clearness  will  require  much  further  work. 

Harding  and  Ostenberg*  have  examined  a  series  of  organisms  of  the 
intermediate  group  on  various  sugars,  and  find  that  by  the  use  of 
xylose  and  arabinose  three  definite  groups  can  be  established. 

I.  Those  makii^  aldehyd  (red)  on  fuchsin-sulphito  agar  with  both 
arabinose  and  xylose — both  Schottmiiller  types  A  and  B  and  strains 
of  Bacillus  enteritidb. 

II.  Red  on  arabinose  and  not  on  xylose — typhi  murium,  para- 
typhoid Gwyn,  paratyphoid  Loomis,  and  three  others. 

III.  Red  on  xylose  and  not  on  arabinose — B.  h<^  cholera. 

This  work  was  carefully  carried  out  and  may  possibly  point  toward 
an  ultimate  classification.  However,  the  strains  employed  were  too 
few  to  permit  definite  conclusions  at  present. 

Durham,*  on  the  basis  of  cultural  and  agglutinative  studies,  has 
f(HiQuIated  a  classification  of  the  Gram-negative  bacilli  of  the  typhoid- 
colon  and  allied  groups,  which,  though  hardly  final,  aids  considerably 
in  throwing  light  upon  the  interrelationships  of  the  various  species. 
Durham's  divisions  are  as  follows: 

Division  I.   Typhoid-like  Morphology  (motile). 

A.  No  sugars  fermented.    Type  B.  fecalis  alkaligenes. 

B.  Add  in  dextrose,  but  no  gas.  Type  B.  typhosus.  Agglutination 
iu  typhoid  serum. 

C  Acid  in  dextrose,  but  gas  only  when  other  constituents  are  favor- 
able. No  acid  or  gas  from  lactose  or  saccharose.  No  agglutination  in 
typhoid  serum.  Includes  Bacillus  "Gwyn"  and  Bacillus  "0"  of 
Gushing. 

D.  Acid  and  gas  from  dextrose.     No  acid  or  gas  from  lactose  or 

'  KvUcher  und  Meinicke,  Zeit.  t.  Hyg.,  Ui,  1906. 
"  Harding  and  Oslenbfrg,  Jour,  of  Inf.  Dis.,  ii,  1912. 

'  Durham,  loc.  cit. 
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saccharose.  Grows  more  rapidly  than  typhoid.  No  ^glutination  in 
colon-immune  serum.  Slight  reaction  with  some  typhoid  sera.  Includes 
Gartner's  B.  enteritidis,  B.  Morseele,  Gunther's  meat-poisoning  bacillus, 
hog  cholera  bacillus,  B.  psittacosis,  B.  morbificans  bovis,  Durhani's 
Bacillus  "A,"  B.  typhi  murium. 

Division  II.   Colon4ike  Morpkdogy  (motile). 

E.   Acid  and  gas  from  dextrose,  none  from  lactose  or  saccharose. 
Rate  of  growth  and  colony  appearance  more  like  colon  than  typhoid. 
•        F.   Acid  and  gas  from  dextrose,  and  no  gas  from  lactose.    Types 
isolated  by  Durham. 

G.  Acid  and  gas  from  dextrose;  acid,  no  gas,  from  lactose.  IMffer 
from  F  in  serum  reactions. 

H.  B.  coli  communis.  Acid  and  gas  from  dextrose  and  lactose;  none 
from  saccharose. 

7.  B.  coli  communior.  Acid  and  gas  from  dextrose,  lactose,  and 
saccharose. 

Division  III.  Non-motUe.  Polysaccharide  splitters  (starch).  Type 
B.  lactis  a^rc^enes.  Includes  bacilli  of  mucosua  capsulatua  group,  and 
Friedlander's  bbcillus. 
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BACnU  OF  THE  COLON-TYPHOID-DYSENTERY  GROUP 
(ConHnueiD 

THE  DTSENTBRT  BACILLI 

ALTHonoH  acute  dysentery  has  been  an  extremely  prevalent  disease, 
occurring  almost  annually  in  epidemic  form  insome  of  the  Eastern  coun- 
tries and  appearing  sporadically  all  over  the  world,  its  etiology  was 
obscure  until  1898  when  Shiga  '  described  a  bacillus  which  he  isolated 
from  the  stools  of  patients  suffering  from  this  disease  in  Japan,  and  es- 
tahli^ed  with  scientific  accuracy  its  etiological  significance.  Since  the 
discovery  of  Shiga's  bacillus  a  number  of  other  bacilli  have  been  de- 
scribed by  various  workers,  all  of  which,  while  showing  slight  biological 
differences  from  Shiga's  microorganism,  are  sufficiently  similar  to  it 
culturally  and  pathogenically  to  warrant  their  being  classified  together 
with  it  in  a  definite  group  under  the  heading  of  the  "dysentery  bacilli." 

The  manner  in  which  Shiga  made  his  discovery  furnishes  an  in- 
structive example  of  the  successful  application  of  modem  bacteriological 
methods  to  etiological  investigation.  Many  workers  preceding  Shiga 
had  attempted  to  throw  light  upon  this  subject  by  isolations  of  bacilli 
from  dysenteric  stools,  and  by  extensive  animal  inoculation.  Shiga, 
following  a  suggestion,  made  by  Kitaaato,  approached  the  problem  by 
searching  for  a  microorganism  in  the  stools  of  dysentery  patients  which 
would  specifically  agglutinate  with  the  serum  of  these  patients.  His 
labors  were  crowned  with  success  in  that  he  found,  in  thirty-six  cases, 
one  and  the  same  microorganism  which  showed  uniform  serum  agglu- 
tinations. Further,  he  found  that  this  bacillus  was  not  present  in  the 
dejections  of  patients  suffering  from  other  diseases  nor  in  those  of  normal 
men,  and  that  when  tested  against  the  blood  serum  of  such  people  it 
was  not  agglutinated. 

Moiphology. — Shiga's  bacillus  is  a  short  rod,  rounded  at  the  ends, 

>  SAi^,  Cent.  f.  Bakt.,  xxiii,  ISOS;  ibid.,  xxiv,  1898;  Deut.  med.  Woch.,  zUii, 
lUv,  and  xlv,  1901. 
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morphologically  very  similar  to  the  typhoid  bacillus,  and,  like  it, 
incltnod  to  involution  forms.  The  organism  generally  occurs 
singly,  more  seldom  in  pairs.  It  is  decolorized  by  Gram's 
method  of  staining.  With  the  ordinary  anilin  dyes  it  stains  easily, 
showing  a  tendency  to  stain  with  slightly  greater  intensity  at 
the  ends.  The  organism  is  an  aerobe  and  facultative  anaerobe. 
Although  described  at  first  by  Shiga  as  being  motile,  its  motility 
has  not  been  satisfactorily  proven,  and  most  observers  agree  in 
denying  the  presence  of  flagella  and  affirming  the  complete  absence 
of  motility. 

Ooltnral  <niaractariEtiCB. — On  oj^r  the  colonies  arc  not  characteristic, 
resembling  those  of  the  typhoid  bacillus. 

On  gdatin,  the  colonies  appear  very  much  like  typhoid  colonies  and 
the  gelatin  ia  not  Il(juefie<l. 

On  polalo,  the  growth,  like  that  of  typhoid,  is  at  first  not  visible,  but 
after  about  a  week  turns  reddish  brown. 

In  broth,  there  la  clouding,  with  moderate  deposits  after  some  days. 
No  pellicle  is  formed. 

MUk  is  not  coagulated.  LUmns  milk  shows  a  slight  primary  acidity, 
later  again  becoming  alkaline  and  taking  on  a  progressively  deeper  blue 
color. 

Indol  is  not  formed  in  popton  water  by  all  varieties. 

No  gaa  ia  formctl  in  media  containing  dextrose,  lactose,  aacchwrou, 
or  other  carbohydrate. 

While  not  delicately  susceptible  to  reaction,  the  bacillus  prefers 
slightly  alkaline  media. 

Shiga  differentiated  his  organism  from  the  typhoid  bacillus  chiefly 
by  supposed  differences  in  colony  characters  and  by  the  agglutination 
reaction. 

Following  the  work  of  Shiga,  a  large  number  of  investigators  turned 
their  attention  to  the  subject  of  dysentery,  with  the  residt  that  many 
new  forms  were  discovered  and  at  first  a  considerable  amount  of  con- 
fusion prevailf^d. 

Flexncr '  in  1899  investigated  dysentery  in  the  Philippines,  and 
isolated  a  bacillus  which,  he  considered,  corresponded  to  Shea's 
organism. 

Strong  and  Musgrave'  in  1900  described  a  bacillus  isolated  from 

'  Flexner.  Phiiu.  Meil.  Jour.,  vi,  1900,  anJ  Bull.  Johns  Hopkins  Ho«p.,  xi,  1900. 
*  Strong  and  Mvngrait,  Report  Surg.  Gen.  of  Army,  Washington,  1900. 


Digitized  by  Google 


THE  DYSENTERY  BACILLI  437 

dyaeatery  cases  in  the  Philippines  which  waa  esseatially  like  that  of 
Flexner. 

Nearly  simultaneously  with  the  papers  of  Flexner  and  of  Strong  and 
Muagrave,  Kruse  '  published  investigations  of  an  epidemic  of  dysentery 
occurring  in  Germany.  His  observations  were  of  the  greatest  importance 
and  largely  formed  the  starting  point  of  the  further  advances  which 
have  been  made  in  the  etiology  of  dysentery. 

Kruse's  or;ganism  was  described  as  forming  colonics  on  gelatin  and 
agar,  practically  like  those  of  Bacillus  typhosus.  Like  this  bacillus,  no 
gas  was  formed  from  grape  sugar,  and  the  growth  in  milk  and  on  potato, 
and  even  in  Piorkowski's  urine  gelatin,  resembled  that  of  Bacillus 
typhosus.  According  to  _  Kruse,  this  organism  was  absolutely  with- 
out motihty. 

In  1901  Kruse '  contributed  a  second  paper.  In  this,  besides  con- 
firming his  previous  observations,  he  described  another  class  of  organ- 
ism coming  from  cases  which  he  designated  aa  "pseudo-dysentery  of 
insane  asylums."  In  the  case  of  one  patient,  and  at  two  autopsies,  he 
isolated  organisms  which  he  could  not  distinguish  morphologically  or  cul- 
turally from  the  true  dysentery  bacillus,  but  which  showed  differences  in 
their  serum  reaction.  By  careful  study  of  the  behavior  of  these  baciUi 
in  the  serum  of  patients  and  in  immune  serum  from  animals,  he  not 
only  showed  that  they  were  different  from  his  original  cultures  from 
cases  of  epidemic  dysentery  which,  no  matter  what  their  source,  were 
found  to  be  alike,  but  that  they  showed  differences  among  themselves 
and  apparently  fell  into  two  or  more  varieties.  One  of  these  organisms 
culturally  and  by  its  scrum  reactions  showed  itself  practically  identical 
with  ope  of  the  cultures  he  had  received  from  Flexner. 

Spronck*  in  1901  described  an  organism  isolated  in  Utrecht  from 
dysentery  eases,  which  showed  great  similarity  to  the  Shiga- Kruse 
organism;  but,  when  tested  in  the  serum  of  a  horse  immunized  against 
true  dysenteiy  bacillus,  showed  practically  no  agglutination.  He  placed 
this  organism  in  the  group  designated  by  Kruse  as  the  "  pseudo-dysentery 
bacilli."  His  communication  is  of  importance,  since  it  is  the  first  re- 
ported instance  in  which  any  investigator  harl  recognized  and  associated 
the  so-called  pseudo-dysentery  bacilli  with  dysentery  approaching  the 
acute  epidemic  form  in  type. 

Following  this  work  a  number  of  investigators,  including  Vedder 

>  Krute,  Deut.  me<1.  Woch.,  xxvi,  IMO. 
»  JCruM,  Deut.  med.  Woch.,  xxvii,  1901. 
>Spn>iuk,  Ref,  Bsuiogarten's  Jahresber.,  I90I, 
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and  Duvai,'  Flexner,  and  Shiga '  himself,  published  communications  in 
which  they  claimed  identity  for  the  various  forms  previously  described. 

In  1902  Park'  and  Dunham  described  an  oi^anism  which  they 
found  in  a  small  outbreak  of  dysentery  occurring  in  Maine.  This 
organism  differed  from  most  of  those  previously  described  in  that  it 
was  found  to  produce  indol  in  pepton  solutions. 

In  the  same  year  Martini  *  and  Lentz  published  an  article  in  which 
they  attempted  to  differentiate  various  dysentery  bacilli  by  means  of 
agglutination.  This  research  is  of  importance  in  that  it  supported  the 
work  of  Kruse  and  of  Spronek,  indicating  a  difference  between  the  ag- 
glutinative character  of  the  Kruso  organism  and  the  so-called  "pseudo- 
dysentery  "  type,  in  which  Flexner's  organisms  were  included.  It  Is  of 
further  interest,  since  it  indicated  a  marked  difference  between  Flexner's 
Philippine  cultures  and  the  Philippine  culture  of  Strong,  the  Strong 
oiganism  refusing  to  agglutinate  not  only  in  "Shiga"  immune  serum, 
but  also  in  "Flexner"  immune  serum. 

Simultaneously  with  this  article  Ix;ntz  *  published  the  results  of  com- 
parative cultural  researches  with  dysentery  and  "pseudo-dysentery" 
bacilli,  in  which  he  made  the  important  observation  that  the  original 
Shiga-Kruse  bacilli  did  not  affect  mannit,  while  the  "pseudo-dysentery  " 
bacilli,  including  Flexner's  and  Strong's  Philippine  cultures,  fermented 
mannit,  giving  rise  to  a  distinct  acid  reaction  in  the  medium.  The 
Flexner  organisms  and  others  of  the  "pseudo-dysentery"  bacilli,  how- 
ever, fermented  maltose,  while  the  Shiga-Kmse  typB,  as  well  as  Strong's 
bacillus,  left  it  unchanged  at  the  end  of  forty-eight  hours. 

In  January,  1903,  Hiss  and  Russell "  described  a  bacillus  ("  Y  ")  from 
a  case  of  fatal  diarrhea  in  a  child,  which  by  ordinary  cultural  test  and 
absence  of  motility  was  found  to  resemble  the  Shiga-Kruse  and  Flexner 
bacilli.  Immediately  upon  its  isolation,  it  was  found,  however,  to  differ 
from  the  Kruse  culture  by  its  ability  to  ferment  mannit.  This  observa- 
tion was  made  independently  of  Lentz's  work,  which,  at  that  time,  had 
not  become  known  in  America.  lo  the  comparative  study  of  Hiss  and 
Russell  on  the  fermentative  abilities  of  various  dysenteiy  cultures,  the 
serum  water  media  (described  on  page  132)  were  used.    By  the  use  of 

'  Vedikr  and  Duval,  Jour.  Exp.  Med.,  vi,  IrfOa. 
tShiga,  Zeit.  f.  Hyg.,  41,  1902. 

•  Pari  and  Dunham,  N.  Y.  Univ.  Bull,  of  Med.  Sei.,  1002. 

'  MaHini  und  Lentz,  Zeit.  f.  Hyg.,  xli,  1002. 
■   »tente,  Zeit.  f.  Hyg.,  xli,  1902. 

•  Hin  and  Ru»seU,  Med.  News,  Feb.,  1003. 
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these  media,  it  was  found  that  the  Knise  culture,  a  culture  of  Flexner's 
bacillus. from  the  Philippines,  and  Duval's  "New  Haven"  culture  fer- 
mented dextrose  with  the  production  of  a  solid  acid  coagulum,  but  did 
not  affect  mannit,  maltose,  saccharose,  or  dextrin.  The  culture  of  Hiss 
and  Russell,  on  the  other  hand,  fermented  not  only  dextrose  but  also 
mannit  with  the  production  of  acid  and  coagulation  of  the  medium. 
Maltose,  saccharose,  and  dextrin  were  not  fermented.  The  "  Y  "  bacillus, 
furthermore,  was  shown  to  differ  entirely  from  the  cultures  of  Shiga, 
Knise,  and  "New  Haven"  in  the  serum  of  immunized  animals.  This 
serum  had  for  bacillus  "  Y  "  a  titer  of  I  :  500  while  the  three  other  above- 
named  organisms  did  not  agglutinate  in  it  at  any  dilution.  In  normal 
beef  serum,  the  Hiss-Russell  organism  was  found  to  agglutinate  as  highly 
at  1  :  320,  while  the  other  three  cultures  gave  no  reaction  in  dilutions  of 
over  1  :  10  or  20. 

Park  and  Carey,'  in  March,  1903,  described  an  epidemic  of  dysen- 
tery occurring  in  the  town  of  Tuckahoe,  near  New  York  City,  and 
isolated  an  organism  which  resembled  the  Shiga-Xruse  bacilli  in  not 
fermenting  mannit,  but  produced  inciol  in  pepton  solution  after  five 
days.  It  corresponded  in  agglutination  with  the  cultures  "  New  Haven  " 
and  "Shiga"  when  tested  in  the  serum  of  a  goat  immunized  against 
the  mannit-fermenting  culture  "Baltimore,"  i.e.,  did  not  react  at  1 :  50, 
whereas  Flexner's  ''Manila  "  and  "  Baltimore  "  cultures.  Park  and  Dun- 
ham's "Seal  Harbor"  culture,  and  some  New  York  cultures,  all  fer- 
menting mannit,  agglutinated  up  to  two  thousand  dilution  in  the  "  Bal- 
timore "serum. 

The  preceding  review  of  a  part  of  the  literature,  by  which  our  knowl- 
edge of  the  dysentery  bacilli  was  developed,  demonstrates  sufficiently 
that  we  have  to  deal  in  this  group  with  a  number  of  different  micro- 
organisms. This,  as  we  have  seen,  was  a  fact  first  recognized  by  Kruse 
when  he  spoke  of  his  true  dysentery  and  his  pseudo-dysentery  strains. 
In  spite  of  much  confusion  at  first,  the  careful  study  of  fermentation 
phenomena,  of  specific  agglutinations,  and,  more  recently,  by  Ohno ' 
and  othei?,  of  the  bacteriolytic  phenomena  in  immune  sera,  has  made 
it  possible  to  distinguish  sharply  between  a  number  of  groups. 

Baang  the  grouping  of  these  microorganisms  upon  a  careful  study 
of  fennentations.  Hiss '  has  divided  them  as  follows: 


■  Pont  and  Carey,  Jour.  Med.  Rea.,  ix,  1903. 
>Ohno,  Philippiae  Jour,  of  Sci.,  1,  ix.,  1906. 
*Hi»»,  Jour.  Hed.  Ree.,  N.  S.,  viii,  1904. 
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"Shiga"  I 

"Krusc,"  >      Penuent  dextroae.    Group  I. 

"New  Haven"  J 

"_Y"  (Hiss  and  Riissell  type)  ~1 

,,  „.  ,  „  >      Ferment  dextroee  and  maimit.    Group  IL 

Diamond 

"Perra"  J 

„  _  „  ,         ,  )        Ferments      dextroee,     mannit,     sacdunK 

Strong     (type)  J  ^^^^  jjj 

[]  Harm"  (type)  "j  perment  deJctroee,  roamiit,  maltose,  taeeb^ 

"Gray"  I  rose, dextrin.    PermentatioD oT saochinOT 

"Baltimore"  f  (aa  a  ruk)  only  after  6  dayo.    Group  IV. 

"WoUsteiii"  J 

It  was  noticed,  it  should  be  mentioned,  however,  that  in  the  case  of  the 
"  Y,"  "Diamond,"  and  "Ferra"  there  was  usually  delayed  acid  fermen- 
tation of  maltose,  never  any  of  dextrin. 

In  studying  the  agglutinative  characters  of  these  groups,  furthermore, 
it  was  found  that  fermentation  tests  and  agglutinations  went  hand  in 
hand.    The  following  table  will  illustrate  this  point:' 

Serum  of  R.\bbit  immunized  against  Group  I.  (Shiga's  culture). 

Bacilli  of  Group  I.: 

"Bliiga"  {homologous) 20,000 

"Kruse"     20,000 

"New  Haven" 20,000 

Bacilli  of  Group  II.: 

"  Y  " 200 

"Perra" 200 

"Seal  riarfior" 200 

Bacilli  of  Group  IV.: 

"  Baltimore  " 800 

"Harris" 800 

"Gray" 800 

"  WoUstein  "  800 

Sf.kum  of  Rabbit  immunized  against  Group  II.  ("Y"  culture. 
Hiss  and  Rutwell). 

Ba(;illi  of  Group  I.: 

"  Shiga  " less   than  100 

"Kriise" 100 

"  New  Haven  " 100 

I  //MS,  Jour,  of  Med.  Research,  13.  N.  S.,  viii,  1904. 
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Bacilli  of  Group  II.: 

"Y"(hoinologom)   6,400 

"Ferrs " 6,400 

"Seal  Haibor 6,400 

Bacilli  of  Group  IV.: 

"Baltimore" 1,600 

"Cray" 1,600 

"Harris" 1,600 


Sbbum  op  Rabbit  immunized  against  Gboup  IV.  ("Baltimore" 
ailture) . 

Bacilli  of  Group  I.: 

"Sbigtt"   lessthaa  100 

"Kruse" 100 

"New  Haven " 100 

Bacilli  of  Group  II. : 

"  Y  " 400 

"Ferra" 400 

"Seal  Haibor" 400 

Bacilli  of  Group  IV.: 

"  Baltimore  "  (homologous) 3,200 

"Harris" 3,200 

"Gray" 3,200 

"Wollatein"   3^00 

In  cotmnon,  all  these  groups  possess  an  identical  morphology,  the 
Gram-negative  staining  characteristics,  the  lack  of  motility  with  close 
adherence  to  the  line  of  inoculation  in  the  Hins  tube  medium,  the  in- 
ability to  liquefy  gelatin,  the  inability  to  form  acid  from  lactose,  and 
the  inability  to  produce  gas  from  any  carbohydrate  media. 

Biological  Oonsidorattena. — The  dysentery  bacilli  in  neutral  broth 
or  upon  agar  slants  may  remain  alive  without  transplantation  for 
periods  of  several  months.  They  are  aerobes  and  facultative  anaerobe!} 
when  proper  sugars  are  present,  preferring,  however,  the  aerobic  environ- 
ment. They  are  eaaily  destroyed  by  heat,  an  exposure  to  60°  C.  killing 
them  usually  in  a  short  time  (ten  minutes).  Against  cold  they  show 
considerable  resistance,  surviving  freezing  for  a  period  of  several  weeks. 
They  show  little  resistance  to  the  usual  strengths  of  the  common  chem- 
ical disinfectants. 

Pftttiogeiudt;. — There  is  practically  no  doubt  at  the  present  time  as  to 
the  etioli^cal  connection  between  the  bacilli  of  this  group  and  the  dis- 
eases cHnic^y  classified  as  acute  dysentery.     A  more  chronic  form  of 
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dysentery  due  to  a  protozoan,  the  Amceba  coli,  though  presenting  much 
clinical  resemblance  to  the  bacillary  dysenteries  is,  nevertheless,  &a 
entirely  dbtinct  disease. 

Infection  takes  place,  probably,  entirely  by  ingestion  of  the  bacteria 
with  infected  water  or  food  contaminated  from  the  feces  of  dysenton- 
patients.  A  small  epidemic  occurring  in  a  hospital  in  New  York  City 
and  caused  by  the  bacillus  "Y"  of  Hiss  and  Russell  was  indirectly 
traced  to  milk  by  Zinsser.' 

Endemic  in  a  large  part  of  the  world,  especially  in  the  wai-mer 
climates,  the  disease  most  frequently  occurs  in  epidemics  of  more  or 
less  definite  localization,  usually  under  conditions  which  accompany 
the  massing  of  a  large  number  of  human  beings  in  one  place,  such  as 
those  which  occur  in  the  crowded  quarters  of  unsanitary  towns,  in  insti- 
tutions such  as  insane  asylums,  or  in  militaty  camps.  The  mortality  of 
such  epidemics  may  Ix;  verj'  large.  According  to  Shiga,'  the  disease  in 
Japan  frequently  shows  a  raortaUty  of  over  twenty  per  cent. 

The  disea.sc  in  human  beings  usually  begins  as  an  acute  gastro- 
enteritis which  is  accompanied  by  abdominal  pain  and  diarrhea.  \s 
it  becomes  more  severe,  the  colicky  pains  and  diarrhea  increase,  the 
stools  lose  their  fecal  character,  becoming  small  in  quantity  and  filled 
with  mucus  and  flakes  of  blood.  There  is  often  severe  tenesmus  at 
this  stage,  and  the  bacilli  arc  present  in  large  numbers  in  the  dejecta. 
Owing  to  the  absorption  of  toxic  products,  symptoms  referable  to  the 
nervous  system,  such  as  muscular  twitching,  may  supervene,  and  if  the 
disease  is  at  all  prolonged,  there  are  marked  inanition  and  prostration. 

At  autopsy  in  early  stages  there  may  be  found  only  a  severe  catar- 
rhal inflammation  of  the  muco<is  membrane  of  the  large  intestine.  In 
the  later  stages  there  are  extensive  ulcerations,  and  the  bacteria  are 
histologically  found  lodged  within  the  depths  of  the  mucosa  and  sub- 
mucosa.  Occasionally  they  may  penetrate  to  the  mesenteric  glands,  but 
as  far  as  we  know  there  is  no  penetration  into  the  general  circulation. 

PoiBonooc  ProdnctB  of  the  Dysenteiy  Bacilli. — The  separate  types  of 
dysentery  bacilli  vary  exceedingly  in  their  powers  to  pro  Ukc  toxic 
substances.  Of  all  the  various  types  which  have  been  described,  the 
strongest  poisons  have  been  produced  with  bacilli  of  the  Shiga-Kruse 
variety,  less  regularly  active  ones  with  bacilli  of  the  Flexner  and  of  the 
"  Y  "  type.  In  fact,  investigations  carried  out  with  the  Shiga  bacillus 
have  tended  to  show  that  the  disease  itself  b  probably  a  true  toxemia, 

'ZViMWT,  Proc.  N.  Y.  Path.  Sac.,  1907.    'Shiga, Cent.  f.  Bftkt.,xxiii,  1888. 
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its  symptoms  being  referable  almost' entirety  to  the  absorption  of  the 
poisonous  products  of  the  bacillus  from  the  intestine. 

The  earliest  investigations,  carried  on  chiefly  upon  rabbits,  which 
are  more  susceptible  to  this  poison  than  any  other  animals,  showed  that 
even  small  doses  of  cultures  of  this  bacillus  administered  intravenously 
or  subcutaneously  would  produce  death  within  a  very  short  time. 
Conradi,'  Vaillard'  and  Dopter,  and  others,  finding  that  toxic  symptoms 
were  almost  as  pronounced  when  dead  cultures  wove  given  as  when  the 
lining  bacilli  were  administered,  came  to  the  conclusion  that  the  poisons 
of  this  bacillus  were  chiefly  of  the  endotoxin  type.  More  recently  Todd,* 
Kraus,*  and  Rosenthal*  have  claimed  independently  that  they  were 
able  to  demonstrate  strong  soluble  toxins,  similar  in  every  way  to  diph- 
theria toxin.  Kraus  and  Doerr,*  moreover,  claim  to  have  further  cor- 
roborated this  by  producing  specific  antitoxins  with  these  substances. 

It  is  ea^  to  obtain  poisonous  substances  from  dysentery  cultures 
in  considerable  strength,  both  by  extracting  the  bacilli  themselves 
and  by  filtration  of  properly  prepared  cultures.  It  is  therefore  not 
unlikely  that  both  types  of  poison  arc  produced  by  the  bacilli. 
Neiaser  and  Shiga'  obtained  toxins  by  emulsifying  agar  cultures  in 
sterile  salt  solution,  killing  the  bacilli  at  60°  C,  and  allowing  them  to 
extract  at  37.5°  0.  for  three  days  or  more.  The  filtrates  from  such  emul- 
sions were  extremely  toxic.  The  simplest  method  of  obtaining  poisons 
from  these  bacilli  is  to  cultivate  them  for  a  week  or  longer  upon  moder- 
ately alkaline  meat-infusion  broth.  At  the  end  of  this  time,  the  micro- 
organisms themselves  may  be  killed  by  heating  to  60°  and  the  cultures 
filtered.  According  to  Doerr,"  the  toxins  may  be  obtained  in  the  dry 
state  by  precipitation  with  ammonium  sulphate  and  re-solution  of  the 
precipitate  in  water. 

The  action  of  the  dysentery  toxin  upon  animals  is  extremely 
characteristic  and  throws  much  light, upon  the  disease  in  man.  The 
injection  of  a  large  dose  intravenously  into  rabbits  causes  a  rapid 
fall  in  temperature,  marked  respiratory  embarrassment,  and  a  violent 

1  CoTiradi,  Deut.  med.  Woch.,  1903. 

'  FniHorrf  et  Dopier,  Ann.  de  I'inst.  Paateur,  1903. 

•  Todd,  Brit,  Med.  Jour.,  Dec.,  1903,  and  Jour,  of  Hyg.,  4,  1904. 
•Kraus.  Monatschr.  f.  Oesundheit.  Suppl.  11,  1904. 
•Biwenttai,  Deut,  med.  Woch.,   1904. 

«  Kraua  und  Doerr,  Wien.  kJin,  Woch.,  xlii,  1905. 
'  Neitter  and  Shiga,  Deut,  med.  Woch.,  1903. 

•  Doerr,  "  Das  DyBenterieloxin,"  Jena,  1907. 
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diarrhea.  This  is  at  first  watery,  later  contains  large  amounts  of  blood. 
If  the  animals  live  a  sufGcieat  length  of  time,  paralysis  may  occur,  the 
animal  may  fall  to  one  side  or  may  drag  its  posterior  extremities.  It  is 
a  remarkable  fact  that  intravenous  inoculation  gives  rise  to  intestinal 
inOammation  of  a  severe  nature,  unquestionably  due  to  the  excretion 
of  the  poison  by  the  intestinal  mucosa  and  limited,  usually,  to  the  ce- 
cum and  colon,  rarely  attacking  the  small  intestine.  Flexner,'  who  has 
experimented  extensively  upon  this  question,  believes  it  probable  that 
most  of  the  pathological  lesions  occurring  in  the  intestinal  canal  of  dyaen- 
tety  patients  are  referable  to  this  excretion  of  dysentery  toxin,  rather 
than  to  the  direct  local  action  of  the  bacilli. 

Toxins  from  the  Shiga-Kruse  type  are  the  most  potent  and  those 
which  cause  paralysis. 

Imnnniiatian  with  DTsenteiy  Bacilli. — The  immunization  of  small 
animals,  such  as  rabbits  and  guinea-pigs,  against  dysentery  bacilli, 
especially  those  of  the  Shiga  type,  is  attended  with  much  difficulty, 
owing  to  the  great  toxicity  of  the  cultures.  Nevertheless,  successful 
results  may  be  accomplished  by  the  administration  of  extremely  small 
doses  of  living  or  dead  bacilli,  increased  very  gradually  and  at  sufficient 
intervals.  Horses  may  be  more  easily  immunized.  The  serum  of  such 
actively  immunized  ^imals  contains  agglutinins  in  considerable  con- 
centration and  of  a  specificity  suilicieDtly  illustrated  in  the  preceding 
section  dealing  with  the  identification  of  the  various  species.  For 
diagnostic  purposes  in  human  beings,  the  agglutination  reaction,  accord- 
ing to  the  technique  of  the  Widal  reaction  for  typhoid  fever,  has  been 
utilked  by  Kruse  '  and  others.  According  to  most  observers,  normal 
"suman  serum  never  agglutinates  dysentery  bacilli  in  dilutions  greater 
than  one  in  twenty,  while  the  serum  of  dysentery  patients  will  often  be 
active  in  dilutions  as  high  as  one  in  fifty. 

Bactericidal  substances  have  been  demonstrated  in  the  serum  of  im.- 
munizcd  animals  as  well  as  in  the  serum  of  diseased  human  beings. 
These  have  been  determined,  in  vitro,  by  Shiga,*  and  by  the  intraperito- 
neal technique  of  Pfciffer  by  Krusc.*  Bacteriolysis  may  take  place  in 
high  dilutions  of  the  serum,  and  has  recently  been  used  for  the  differen- 
tiation of  the  types  of  the  dysentery  bacilU  by  Ohno.* 

True  antitoxins  in  immune  sera  have  been  recently  described  by 
Kraus  and  Docrr." 

'  Flexner,  Jour.  Exp.  Med.,  8,  1906.  •  KruM,  Deut.  med.  Wocb.,  1901. 

•  Shiga,  Zeit.  t.  Hyg.,  xli.  •  Kruae,  Deut.  med.  Woch.,  1903. 

•  Ohno,  Philippine  Jour,  of  Sd.,  vol.  i,  1906.    '  Knmu  und  Dotrr,  loo.  cil. 
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Passive  immunization  of  animals  and  human  beings  with  the  scnim 
of  highly  immunized  horses  has  been  variously  attempted  by  Shiga,' 
Kraus,'  Gay,^  and  othei-s.  AH  these  observers  have  reported  distinct 
benefit  to  the  patienta  and  a  reduetion  of  the  mortality  by  the  use  of 
such  sera.  Striking  and  rapid  reductions  of  temperature  and  rapid  con- 
valescence, after  a  single  injection,  have  occasionally  been  ob9cr%'cd. 
The  earlier  workers  were  i;iciinerl  to  attribute  the  beneficial  results  of 
these  sera  entirely  to  their  bactericidal  value. 

Todd  has  recently  dcmonstratctl  that  the  mixture  of  such  an  immun? 
serum  with  solutions  of  toxin  and  exposure  of  the  mixture  at  37.5"  C, 
for  a  half  hour  would  produce  almost  eomplete  neutralisation  of  the 
poison,  thus  demonstrating  that  at  least  a  large  part  of  the  beneficial 
action  of  the  immune  sera  was  due  to  a  true  antitoxic  process.  Be- 
cause of  the  different  varieties  of  dysenten,'  bacilli,  polyvalent  serum  has 
been  recommended.  Prophylactic  vaccination  of  human  begins  with 
dead  dysentery  cultures  has,  so  far,  led  to  no  practical  result. 

Skiga,  Deut.  med.  Woch.,  1901.  '  Kraut,  loc.  ciL 

'Gay,  Peon.  Mol.  BulL,  1902. 
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CHAPTER  XXX 

BACILLUS    MDOOSUS  CAPSULATUS,   BACILLI'S    LACTIS    AEROGENES, 
BACILLUS    PROTEUS 

BACILLUS    MUOOSUS  OAPSVLATVS 

{Bacterium  pneumoniiE,  Friedldjuier's  bacillus,  PneurrwhaciUus) 

In  1882,  Frisdlander  '  announced  the  discovery  of  a  microorganism 
which  he  believed  to  be  the  incitant  of  lobar  pneumonia  and  which,  in 
his  original  commimications,  he  described  as  a  "  micrococcus." 

A  superficial  morphological  reaemblance  between  Friedlander's 
microorganisni  and  Diplococcus  lanceolatua,  now  recognized  as  the  moat 
frequent  cause  of  lob^t  pneumonia,  led,  at  first,  to  much  confusion,  and 
it  was  not  untQ  several  years  later,  owing  to  the  careful  researches  of 
Frankel '  and  of  Weichselbaum,*  that  the  "micrococcus"  of  Friedlander 
was  recognized  as  a  short,  encapsulated  bacillus  which  occurred  in 
lobar  pneumonia  exceptionally  only.  Similar  bacilli  were  subsequently 
found  by  other  observers,  bacilli  which,  mainly  upon  morphological 
grounds,  are  classified  together  as  the  "Friedlander  group,"  or  the 
"group  of  Bacillus  mucosus  capsulatus." 

Hoipholog7  aad  Stiining. — ^The  Friedlander  bacillus  is  a  short,  plump 
bacillus  with  rounded  ends,  subject  to  great  individual  variations  as  to 
size.  Its  average  measurements  are  from  0.5  to  1.5  micra  in  width  and 
0.6  to  5  micra  in  length.  Forms  approaching  both  extremes  may  be  met 
with  in  one  and  the  same  culture.  The  short,  thick  forms,  frequently 
found  in  animal  and  human  lesions,  are  almost  coccoid  and  account  for 
Friedlander's  error  in  first  describing  the  bacillus  as  a  micrococcus. 
The  bacilli  may  be  single,  in  diplo-form,  or  in  short  chains.  They  are 
non-motDe  and  possess  no  flagella.    Spores  are  not  formed. 

The  bacillus  is  characteristically  surrounded  by  a  well-developed 
capsule  which  is  most  perfectly  demonstrated  in  preparations  taken 
directly  from  some  animal  fluid,  such  as  the  secretion  or  exudate 
from  infected  areas.    It  is  also  seen,  however,  in  smears  made  from  agar 

Virehow's  Arch.,  Ixxxvii,  1882;  Fort.  d.  Med.,  i,  1883;  ibid., 
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or  gclntin  cultures.  The  capsule  is  usually  large,  twice  or  three  times 
the  «iso  et  the  bacillus  itself.  When  seen  in  ehaim  or  in  groups,  several 
bacilli  may  appear  to  be  inclosed  in  one  capsule.  Prolonged  cultivation 
on  agar  or  gelatin  may  result  in  disappearance  of  the  capsule.  The  bKU- 
lus  is  eaiily  stained  with  the  ordinary  dyes,  but  is  decolorized  when 
stained  by  the  Gram-nietho<l.  Capsules  may  often  be  seen  when  the 
more  intense  anilin  dyes  are  employed.  They  are  brought  out  with  much 
regularity  by  any  of  the  usual  capsule  stains. 

OuWvadon.— B.  mucosus  capsulatus  is  easily  cultivated.    It  grews 


.:-••':  v>::''-;: 


Fio.  94.— BACiLLra  mijCosus  capsulatdb. 

roailily  on  all  the  usual  culture  media,  both  on  those  having  a  meat- 
infusion  biutid  and  on  thoso  made  with  meat  extract.  Growth  takes 
pliwc  at  ruoni  tt-mporature  (IS"  to 20°)  and  more  rapidly  at-37,5''  C.  A 
toniiH-mturc  of  00"  C.  and  over  kills  the  bacilli  in  a  short  time.  The  thet- 
iiial  death-point  according  to  Stcrnbci^  is  56°  C.  Growth  ceaaes  helon 
1(1°  to  i'2°C  Kept  at  room  temperature  and  pfrotected  from  do'i^fi 
the  bacillus  may  remain  alive,  in  cultures,  for  several  months. 

The  bacillus  is  not  ven-  fae^lidious  as  to  reaction  of  media,  growing 
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equally  well  on  moderately  alkaline  or  acid  media.  It  is  aerobic  and 
facultatively  anaerobic;  growth  under  anaerobic  conditions,  however, 
is  not  luxuriant. 

On  agar,  growth  appears  in  the  form  of  grayiah-white  mucus-like 
Rolonies,  having  a  characteristically  slimy  and  semi-fluid  appearance. 
Colonies  have  a  tendency  to  confluence,  so  that  on  plates,  after  three  or 
four  days,  a  large  part  of  the  surface  appears  as  if  covered  with  a  film  of 
glistening,  sticky  exudate,  which,  if  fished,  comes  off  in  a  tenacious, 
stringy  manner.  It  is  often  possible  to  make  a  tentative  diagnosis  of 
the  bacillus  from  the  appearance  of  this  growth. 

In  broth,  there  is  rapid  and  abundant  growth,  with  the  formation 
of  a  pellicle,  general  clouding,  and  later  the  development  of  a  profuse, 
stringy  sediment. 

Stab  cultures  in  gelatin  show,  at  first,  a  white,  thin  line  of  growth 
along  the  course  of  the  puncture.  Soon,  however,  rapid  growth  at 
the  top  results  in  the  formation  of  a  grayish  mucoid  droplet  on  the 
surface,  which,  enlarging,  gives  the  growth  a  nail-like  appearance.  This 
nail-shape  was  originally  described  by  Fricdiander  and  regarded  as  diag- 
nostic for  the  bacillus.  The  gelatin  is  not  fluidified;  As  the  culture  grows 
older  the  entire  surface  of  the  gelatin  tube  may  be  covered  with  grdwth, 
flowing  out  from  the  edges  of  the  nail-head.  The  gelatin  acquires  a  darker 
color  and  there  may  be  a  few  gas  bubbles  below  the  surface.  Micro- 
scopically, colonies  on  gelatin  plates  have  a  smooth  outline  and  a  finely 
granular  or  even  homogeneous  consistency. 

On  blood  serum,  a  confluent  mucus-like  growth  appears. 
■  On  potaio,  abundant  growth  appears,  slightly  more  brownish  in  color 
than  that  on  other  media. 

In  peplon  aolidions,  there  is  no  indol  formation. 

In  mUk,  there  is  abundant  growth  and  marked  capsule  develop- 
ment.   Coagulation  occurs  irregularly. 

In  considering  the  general  cultural  chaiuctcristics  of  the  Fried- 
l&nder  bacillus,  it  must  not  be  forgotten  that  we  arc  dealing  with  a 
rather  heterogeneous  group,  the  individuals  of  which  are  subject  to 
many  minor  variations.  Capsule  development,  lack  of  motility,  in- 
ability to  fluidify  gelatin,  failure  to  form  indol,  and  absence  of  spores,  are 
characteristics  common  to  all.  In  size,  general  appearance,  gas  forma- 
tion^and  pathogenicity,  individual  strains  may  vary  much,  one  from 
the  other.    Strong  '  has  studied  various  races  as  to  gas  formation  and 
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concludes  that  most  strtuns  form  gas  from  dextrose  and  levuloae,  but 
that  lactose  is  fermented  by  some  only.  About  two-thirds  of  the  gfia 
formed  is  hydrogen,  the  rest  COj.  Acid  formation,  according  to  Strong, 
is  also  subject  to  much  variation  among  different  races.  Similar  studies 
by  Perkins '  show  that  most  of  the  ordinary  cultural  characteristics  of 
bacilli  of  this  group  are  extremely  variable  and  can  not  serve  as  a  basis 
for  differentiation.  Reactions  on  sugars,  however,  are  more  constant. 
Perkins  suggests  the  following  tentative  division  classes  on  this  basis: 

I.  All  carbohydrates  fermented  with  the  formation  of  gas. 

II.  All  carbohydrates,  except  lactose,  fermented  with  the  fcffmation 
of  gas. 

III.  All  carbohydrates,  except  saccharose,  fermented  with  the 
formation  of  gas: 

Type  I.  corresponds  to  B,  aerogenes  (Migula),  Type  II.  to  B. 
Friedl&nder  or  Bacterium  pneumoniae  (Migula),  and  Type  III.  to 
Bacillus  lactis  aerogenes. 

Differentiation  by  means  of  serum  reactions  has  not  proved  satis- 
factory.' 

Pathogenicity. — When  FriedlSnder  first  described  this  microorganism, 
he  assumed  it  to  be  the  incitant  of  lobar  pnetunonia.  Subsequent  re- 
searches by  Weichselbaum  '  and  others  have  shown  it  to  be  etiologically 
associated  with  pneumonia  in  about  seven  or  eight  per  cent  of  all  cases. 
The  percentage  in  this  country  is  probably  lower.  Such  cases  can  oft^i 
be  diagnosed  by  the  presence  of  the  bacilli  in  the  sputum,  which  is  pecul- 
iarly sticky  and  stringy.  Cases  of  Friedlander  pneumonia  are  extremely 
severe  and  usually  fatal.  The  bacillus  has  been  found  in  cases  of  ulcer- 
ative stomatitis  and  nasal  catarrh;  in  two  cases  of  severe  tonsillitis 
in  children;  in  the  pus  from  suppurations  in  the  antrum  of  Highni<»e 
and  the  nasal  sinuses  (Frankel  and  others),  and  in  cases  of  fetid  cory- 
za  (ozena),  of  which  disease  it  is  supposed  by  Abel'  and  others  to 
he  the  specific  cause.    Whether  the  ozena  bacillus  represents  a  separate 

■  Perkiw,  Joar.  of  Infect.  Dis.,  I,  No.  2,  1004. 

■J.  G.  Fitzgerald,  who  has  recently  made  a  caieful  study  of  the  mucoMia  csp- 
BulatuB  group  has  concluded  that  present  methods  do  not  permit  a  subdivintHi  of 
these  o^aniams  into  separate  species.  He  offers  the  following  "tentativesugKestion": 
It  is  conceivable  that  mutations  based  on  the  necessity  of  maintaining  a  psraoitic 
existence  have  caused  Gram-negative  bacilli  found  normally  in  the  body  elsewbei« 
than  in  the  intestinal  tract  to  develop  capsules  for  protection  and  a  new  group  has 
aiisen  which  we  designate  B.  mucosus  capsulatus;  and  the  vaiieties  B.  i 
and  B.  acidi  Uctici  connect  the  group  with  the  non-encapsulated  c<don  group." 

•  Weichselbaum,  loc.  cit.  *  Abel,  Zeit.  f .  Hyg.,  m. 


Digitized  by  Google 


BACILLUS  OF  RHINOSCLEROMA  461 

species  or  not,  can  not  at  present  be  decided.  The  bacillus  of  Fried- 
lander  has  been  found  in  empyema  fluid,  in  pericardial  exudate  (after 
imeumonia),  and  in  spinal  fluid.  ^  Isolated  cases  of  Friedlander  bacillus 
septicemia  have  been  described.'  Being  occaMonally  a  saprophytic 
inhabitant  of  the  normal  intestine,  it  has  been  believed  to  be  etiolo^c- 
ally  associated  with  some  forms  of  diarrheal  enteritis. 

B.  mucoeus  capsulatus  is  pathogenic  for  mice  and  guinea-pigs,  less  so 
for  rabbits.  Inoculation  of  susceptible  animals  is  followed  by  local  in- 
flammation and  death  by  septicemia.  If  inoculation  is  intraperitoneal, 
there  is  formed  a  characteristically  mucoid,  stringy  exudate. 

The  question  of  immunization  against  bacilli  of  the  Friedlander 
group  is  still  in  the  stage  of  experimentation.  Immunization  with  care- 
fully graded  doses  of  dead  bacilli  has  been  successful  in  isolated  cases. 
Spedfic  agglutinins  in  immune  serum  have  been  found  by  Clairmont,* 
but  irr^;ularly  and  potent  only  against  the  particular  strain  used  for 
tiie  immunization. 

OTHBR    BACILLI    OV    THE    HUEDLAMDEB    QROnp 

Bacillus  ot  Rhinowleroma. — This  bacillus,  discovered  by  v.  Frisch  * 
in  1882,  is  a  plump,  short  rod,  with  rounded  ends,  morphologically 
ahnost  identical  with  Friedlander's  bacillus;  it  is  non-motile  and  pos- 
sesses a  distinct  capsule.  Although  at  first  described  as  Gram-positive, 
it  has  been  shown  to  be  decolorized  with  this  method  of  staining.  Cul- 
turally it  is  almost  identical  with  B.  mucosus  capsulatus.  It  forms 
slimy  colonies,  has  a  nail-hke  appearance  in  gelatin  stab  cultures,  and  in 
pepton  solutions  produces  no  indol.  It  differs  from  B.  mucoeus  cap- 
sulatus (Wilde  ^)  in  forming  no  gas  in  dextrose  bouillon,  in  producing , 
DO  acid  in  lactone  bouillon,  and  in  never  coagulating  milk. 

Pathogenicity. — The  bacillus  of  rhinoscleroma  is  but  moderately 
path<^enic  for  animals  delicately  susceptible  to  the  bacillus  of  Fried- 
lander. Rhinoscleroma,  the  disease  produced  by  this  bacillus  in  man, 
consiBts  of  a  slowly  growing  granulomatous  inflammation,  located  usu- 
ally at  the  external  nares  or  upon  the  mucosa  of  the  nose,  mouth, 
pharynx,  or  larynx.  It  is  composed  of  a  number  of  chronic,  hard, 
nodular  swellings,  which,  on  histological  examination,  show  granulation 
tissue  and  productive  inflammation.     In  the  meshes  of  the  abundant 

>  /direr,  Zdt.  f.  Hyg.,  xix.  >  Howard,  Juhns  Hopkins  Hoep.  Bull.,  1899. 

•  Cburmtmt,  Zdt.  f.  Hyg.,  xxxix.        •  v.  Frisch.  Wien.  med.  Woch.,  1882. 
'  Wiide,  Cent.  f.  Bakt.,  xx,  1896. 


Digitized  by  Google 


452 


PATHOGENIC  MICROORGANISMS 


connective  tissue  lie  many  large  swollen  celb,  the  so-called  "Mikulica 
cells."  '     The  rhinosclcroma  bacilli  lie  within  tbese  cells  and  in  the 
intercellular  spaces.    They  can  l>e  demonstrated  in  histological  sections 
and  can  be  cultivated  from  the  lesions,  usually  in  pure  culture.    Rhino- 
scleroma  is  rare  in  America.     It  is  most  prevalent  in  Southeastern 
Europe.    The  disease  is  slowly  prc^fcssive  and  comparatively  intract- 
able to  surgical  treatment, 
but     hardly    ever     affects 
the   general   health   unless 
by  mechanical  obstruction 
of  the  air  passages. 

B.  OssaiUB. — The  work 
of  Abel  *  and  others  has 
shown  that  ozena,  or  fetid 
nasal  catarrh,  is  almost  al- 
ways associated  with  a 
bacillus  morpholc^cally 
an<l  culturally  almost  iden- 
tical with  B.  mucosus 
capsulatus.  The  bacillus 
can  not  be  definitely  Bep»- 
ratwi  from  the  latter.  Ac- 
cording to  Wilde '  it  fonna 
no  gas  in  dextrose  boiullon 
and  is  less  pathi^enic  for 
mice  than  B.  Friedlfinder. 
Whether  it  is  a  separate 
species,  or  merely  an  atypical  form  changed  by  environment,  can  not 
be  stated  at  present, 

PofM  Bacillus  of  OMena.— Perez  *  in  189!)  de8cril>ed  another  micro- 
organism which  he  connects  ctiologic.il ly  with  oz^Boa.  The  Perez  }>acillu8 
is  Gram-nogativc,  pleomorphic,  non-niotilc  and  non-capsulated.  It  grows 
easily  on  ordinary  media,  does  not  liquefy  gelatin,  and  makes  indol.  Its 
c\iltures  have  a  characteristic  fetid  odor.  Intravenously  injected  into 
rabbits  it  seems  to  pnHluce  a  localized  lesion  in  the  nasnl  cavity  on  the 
turbinated  bones.  Hofer '  has  also  isolated  it,  but  recent  work  leaves 
its  importance  as  the  causative  agent  in  doubt. 


Fio.  85. — Bacillus  of  Rhisosci.i 
tion    of  tisane  showing  the  mi 
-      withia   Mikulicz   cells.      (After 
Pfeifler.) 


Scc- 


'  Mikulicz,  Arch. !.  Chir.,  xx,  lS7fi.       '  AM,  Zeit.  f.  Hyg., 

*  Peret,  Animal  <lc  I'Inst.  PiLst.  1S99. 

^Ho/er,  Wien.  kUu.  WocL,  vol.  26,  pp.  1011  and  1628. 


•  WOde,  loc.  cit. 
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BACILLUS  LACTIS  AEBOOEHIS 

Bacillus  lactis  aerogenes  is  the  type  of  a  group  which  is  closely 
similar  to  the  colon  group  and  often  distinguished  from  it  with  difficulty. 
It  was  first  described  by  Escherich  '  in  1885  who  isolated  it  from  the 
feces  of  infants.  Since  then  it  has  been  learned  that  this  bacillus  is  almost 
constantly  present  in  milk,  and,  together  with  one  or  two  other  miero- 
oi^nisms,  is  the  chief  eause  of  the  ordinary  souring  of  millt.  Apart  from 
its  occurrence  in  milk,  moreover,  the  bacillus  Is  widely  distributed  in 
nature,  being  found  in  feces,  in  water,  and  in  sewage.  It  is  distinguish-  . 
able  from  the  colon  bacillus  chiefly  by  the  fact  that  it  is  less  motile, 
possesses  no  flagella,  hardly  ever  forms  chains,  and,  when  cultivated  upon 
suitable  media,  especially  milk,  it  possesses  a  di8tin(rt  capsule.  It  differs 
from  the  colon  bacillus,  furthermore,  in  that  it  is  capable  of  fermenting 
polysaccharids,  such  as  starch,  and  does  not  form  indol  upon  pep- 
ton  media.  It  is  distinguishable  from  the  bacillus  of  Friedlander  (B. 
mucosus  capsulatus),  according  to  Wilde,*  by  it^  more  energetic  gas 
formation  in  dextrose  broth,  its  ability  to  produce  acid  on  lactose  media, 
and  its  invariable  coagulation  of  milk.  Unlike  the  colon  bacilli,  it  does 
not  form  gas  on  Dulcit.*  It  differs  from  the  other  important  non-dulcit 
fermentation,  thfe  bacillus  acidi  lactici,  in  fermenting  saccharose.  Ten- 
tative differentiations  of  these  bacilli  may  be  made  as  follows: 


Dc,lro«. 

Lx-to*.. 

Sl-ccb™,. 

Duldt. 

+ 
+ 
+ 

+ 

+ 
+ 
+ 

+ 

+ 
+ 

B.iart  acidr....;;.;.::  ■■:■■:"" 

It  grows  upon  the  simplest  media,  is  a  facultative  anaerobe,  and 
grows  most  abundantly  at  a  temperature  between  25°  and  30°  C. 

Upon  agar  and  gelatin  it  grows  with  a  heavy  white  growth,  the 
colonies  of  which  have  a  tendency  to  confluence  and  are  more  mucoid 
in  appearance  than  are  those  of  Bacillus  coli. 

In  broth,  it  causes  a  general  cloudii^  and  a  pellicle.  The  cultures 
have  a  slightly  sour  or  cheesy  odor. 

On  potato,  the  growth  is  heavy  and  gas  is  formed. 

On  milk,  there  is  rapid  coagulation  and  acid  formation.  It  is  charac- 
teristic of  this  bacillus  tliat  it  is  capable  of  producing  a  large  amount  of 
acid,  chiefly  lactic,  and  of  being  able  to  withstand  these  large  amounts 
of  acid  without  being  injured  by  them. 

'  Btehaich,  Fort.  d.  Med.,  Ifi,  17,  1S145.    '  WiUe,  Cent,  f .  Bakt.,  me,  189t 
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The  pathogenicity  of  Bacillus  lactis  aerogenes  for  maa  b  slight. 
Its  chief  claims  to  importance  lie  in  its  milk-coagulating  properties 
and  its  almost  constant  presence  in  the  hiunan  intestine.  In  infants,  it 
may  ^ve  rise  to  flatulence  and  it  ha^  l)eeQ  occasionally  observed  as  the 
sole  incitant  of  cystitis.  Among  such  cf\acfi  rare  instances  have  been 
observed  in  which  it  has  formed  gas  in  the  bladder  (pneumaturia). 
When  this  occurs  the  urine  is  not  anmioniikcal  but  remains  acid. 

Different  strains  of  this  bacillus  vary  much  in  their  pathc^nicity 
for  animals.  Wilde  claims  that  it  is  more  pathogenic  for  white  mice  and 
gionearpigs  than  is  the  bacillus  of  Friodlander.  He  speaks  of  it  as  the 
most  virulent  member  of  this  group.  Kraus,  writing  in  Fluegge's 
"  Mikroorganismen,"  rates  its  pathogenicity  less  high. 

Closely  related  to  this  bacillus,  as  well  as  to  those  of  the  Friedlander 
group,  is  an  encapsulated  bacillus  isolated  from  a  case  of  broncho- 
pneumonia by  Mallory  and  Wright,'  which  is  strongly  pathogenic  for 
mice,  guinea-pigs,  and  rabbits.    . 

BACnJJ  or  THE  PROTIUS  GROUP 

The  bacilli  of  this  group  have  little  pathological  interest,  but  are  im- 
portant because  of  the  frequency  with  which  they  are  encountered  in 
routine  bacteriological  work.  They  may  confuse  the  inexperienced 
Ix^use  of  a  superficial  similarity  to  bacilli  of  the  colon-typhoid  group. 
In  form  they  may  be  short  and  plump  or  long  and  slender,  staining  easily 
with  anilin  dyes  and  decolorizing  with  Gram's  method.  They  are  ac- 
tively motile  and  possess  many  flagella.  Individuals  stain  irregularly, 
often  showing  unstained  areas  near  tiie  center.  The  so-called  Bacillus 
proteus  vulgaris  described  by  Hauser '  in  1885  is  the  type  of  the  group. 

Bacilli  of  this  group  are  widely  distributed,  being  found  in  water, 
soil,  air,  and  wherever  putrefaction  takes  place.  In  fact,  proteus  b  one 
of  the  true  putrefactive  bacteria  possessing  the  power  to  cause  the  cleav- 
age of  proteids  into  their  simplest  radicles. 

BaciUus  proteus  vulgaris  grows  best  at  temperatures  at  or  about 

26°  C.  and  develops  upon  the  simplest  media.    It  is  a  facultative  ansc- 

"  robe  and  forms  no  spores.     In  hrolh,  it  produces  rapid  clouding  with  a 

pellicle  and  the  formation  of  a  mucoid  se<liment.    In  gehlin,  the  colonies 

are  characteristically  irregular,  giving  the  name  to  this  group. 

Gelatin  is  rapidly  liquefied.  Liquefaction,  however,  is  diminished 
or  even  inhibited  under  anaerobic  conditions. 


'  MiMory  and  Wright,  Zeit.  f,  Hyg.,  xx,  1895. 

*  H outer,  "Ve\ier  Faulnias-Bakt.,"  Iieiptig,  18S5. 
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Oa  agar  and  other  solid  media,  as  well  as  upon  gelatin  before  lique- 
faction  has  taken  place,  characteristic  colonies  are  produced.  From 
the  central  flat,  grayish-white  colony  nucleus,  numerous  irregular 
Btreamers  grow  out  over  the  surrounding  media,  giving  the  colony  a 
stellate  appearance.  On  potato,  it  forms  a  dirty,  yellowish  growth. 
In  milk,  there  is  coagulation  and  an  acid  reaction  at  first;  later  the 
casein  is  redissolved  by  proteolysis.  Blood  serum  is  often  liquefied, 
but  not  by  all  races. 

A  great  many  really  dissimilar  bacteria  have  been  described  tmder 
the  name  of  Proteus.  The  type  of  the  group  is  the  so-called  Proteus 
vulgaris  (Haoser,  1885).  Other  organisms  spoken  of  as  proteus  are 
the  Proteus  mirdbilis,  which  differs  in  slower  gelatin  liquefication 
from  vxilgaria,  the  Proteus  Zenkeri,  which  does  not  liquefy  gelatin, 
the  Proteus  septicus,  and  the  Bacillus  Zopfi,  a  Gram-positive  organ- 
ism. A  good  many  of  these  were  formerly  classified  as  of  Bacterium 
termo.  Closely  related  is  the  slow  liquefying  organism  known  as 
Bacillus  cloaca,  common  in  sewage. 

There  is  no  group  which  so  urgently  requires  study  as  this,  since 
organisms  belonging  here  are  so  often  found  in  the  human  body  and 
human  excreta.  In  urine  we  have  encountered  a  non-gelatin  liquefy- 
ing Gram-negative  bacillus  belonging  to  this  group  which  has  given 
US  much  trouble  in  identification.  As  far  as  we  can  establish  any 
general  characteristics  for  the  group  at  all,  we  may  say  that  they  are 
Gram-negative,  non-spore-bearing,  motile  bacilli,  which  on  the  surface 
of  gelatin  plates  show  colonies  characterized  by  spreading  streamers, 
most  of  which  liquefy  gelatin,  a  few  of  which,  however,  do  not.  AH 
of  them  ferment  dextrose  and  saccharose  with  gas,  but  do  not  attack 
lactose.    . 

The  pathogenic  powers  of  proteus  are  slight.  Large  doses  injected 
into  animals  may  give  rise  to  localized  abscesses.  In  man  proteus  in- 
fections have  been  described  in  the  bladder,  in  most  cases,  however, 
together  with  some  other  microorganism.  The  VrobacUlus  Ugue- 
faciens  septicus  described  by  Krogius  was  a  variety  of  this  group. 
Epidemics  *  of  meat  poisoning  Imve  been  attributed  to  the  proteus 
family  by  some  observers.  Thus  Wesenberg  *  cultivated  a,  proteus 
from  putrid  meat  which  had  caused  acute  gastroenteritis  in  sixty- 
three  individuals.     Similar  epidemics  have  been  reported  by  Silber- 

scbmidt. '  Ffuhl,  *  and  others. 

>  Srfntfaler,  Cent.  f.  Bakt.,  viii,  1890.  "  Wesenberg,  Zeit.  f.  Hyg.,  xxviu,  1898, 

*  Siiberathmidl,  Zeit.  f.  Hyg.,  iXJt,  1899.        *  P/uW,  Zeit.  t.  Hyg.,  xxxv,  1900, 
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CHAPTER  XXXI 
BACILLUS  TETANI 

Lockjaw  or  tetanus,  though  a  comparatively  infrequent  disease, 
has  been  recognized  as  a  distinct  clinical  entity  for  many  centuries. 
The  infectious  nature  of  the  disease,  however,  was  not  demonstrated 
until  18S4,  when  Carlo  '  and  Kattone  succeeded  in  producing  tetanus  in 
rabbits  by  the  inoculation  of  pua  from  the  cutaneous  lesion  of  a  human 
case.  Nicolaier,*  not  long  after,  succeeded  in  producing  tetanic  symp- 
toms in  mice  and  rabbits  by  inoculating  them  with  soiL  In  conaec- 
tioQ  with  the  lesions  produced  at  the  point  of  inoculation,  Nicolaier 
described  a  bacillus  which  may  have  been  Bacillus  tetani,  but  which  he 
was  unable  to  cultivate  in  pure  culture.  Kitasato,*  in  1889,  definitely 
solved  the  etiological  problem  by  obtaining  from  cases  6f  tetanus  pure 
cultures  of  bacilli  with  which  he  was  able  again  to  produce  the  disease 
in  animals. 

Kitasato  succeeded  where  others  had  failed  because  of  his  uae  of 
anaerobic  methods  and  bis  eliminatiiHi  of  noB-spore-bearing  con- 
taminating organisms  by  means  of  heat.  His  method  of  isolation 
was  as  follows:  The  material  containing  tetanus  bacilli  was  smeared 
upon  the  surface  of  agar  slants.  These  were  permitted  to  develop  at 
incubator  temperature  for  twenty-four  to  forty-eight  hours.  At  the  end 
of  this  time  the  cultures  were  subjected  to  a  temperature  of  80°  C.  for 
one  hour.  The  purpose  of  this  was  to  destroy  all  non-eporulating 
bacteria,  as  wcU  as  aerobic  spore-bearers  which  had  developed  into 
the  vegetative  form.  Agar  plates  were  then  inoculated  from  the  elanta 
and  exposed  to  an  atmosphere  from  which  oxygen  had  been  com- 
pletely eliminated  and  hydrogen  substituted.  On  these  plates  colonies 
of  tetanus  bacilli  dcvcloi>ed. 

MorphoIog7  and  Staining. — The  bacillus  of  tetanus  is  a  slender  bacQ- 
lus,  2  to  5  micra  in  length,  and  0.3  to  0.8  in  breadth.  The  vegetative 
forms  which  occur  chiefly  in  young  cultures  arc  slightly  motile  and  aro 

'  Carlo e  RaWme,  Giomale  d.  R.  Acad.  d.  Torino,  1884, 

'Nicolaier,  Tnaiig.  Diss.,  Oottingen,  1885. 

'  KilMolo,  Deut.  mod.  WocK,  No.  xxxi,  1889.  , 
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seen  to  possess '  numeroua  pcritrichal  flagella,  Tchcn  stained  by  special 
methods.  After  tweiitj"-four  to  foiiy-cight  hours  of  incubatioD,  the 
length  of  time  depending  sonicnhat  on, the  nature  of  the  medium  and 
the  degree  of  anaerobiosis,  the  bacilli  develop  spores  which  are  char- 
acteristically located  at  one  end,  giving  the  bacterium  the  diagnostic 
drumstick  appearance. 

As  the  cultures  grow  older  the  spore-bearing  forms  completely  super 


Fi3.  66, — Bacillus  tetani.    Spore  stain. 

flede  the  vegetative  ones.  Verj-old  cultures  contain  spore-bearing  bacilli 
and  spores  only. 

The  tetanus  bacillus  is  easily  stained  by  the  usual  anilin  dyes,  and 
reacts  positively  to  Gram's  stain,  Flagella  staining  is  successful  only 
when  veiy  young  cultures  are  employed. 

Diitiibatiim. — In  nature,  the  tetanus  bacillus  has  been  found  by 
Nicolaier  and  others  to  occur  in  the  superficial  layers  of  the  soil.    The 

'  VottaUr,  Zeit,  f,  Ilyg.,  xxvii. 
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earth  of  cultivated  and  manured  fields  seems  to  harbor  tbis  orj 
with  especial  frequency,  probably  because  ul  its  presence  in  the  dejecta 
of  aome  of  tho  domestic  animals. 

Biological  OhaiactsristicB. — The  bacillus  of  tetanus  is  generally  de- 
scribed ae  an  obligatory  anaerobe.  While  it  is  unquestionably  true 
that  growth  is  ordinarily  obtained  only  in  the  complete  absence  of 
oxygen,  various  observers,  notably  Ferran '  and 
Belfanti,'  have  successfully  habituated  the  bacillus 
to  aerobic  conditions  by  the  gradual  increase  of 
oxygen  in  cultures.  Habituation  to  aerobic  condi- 
tions has  usually  boon  accompanied  by  diminution 
or  loss  of  pathogenicity  and  toxin-fonnation. 
Anaerobic  conditions  may  likewise  be  dispensed 
with  if  tetanus  bacilli  be  grown  in  symbiosis  with 
some  of  the  aerobic  bacteria.  The  addition  to 
culture  media  of  suitable  carbohydrates,  and  of 
fresh  sterile  liver  tissue,  has  also  been  found  to 
render  it  less  exacting  as  to  absolute  anacrohiosis.' 

Anaerobically  cultivated,  Bacillus  tetani  grows 
readily  upon  meat-infusion  brolh,  which  it  clouds 
within  twenty-four  to  thirty-six  hours.  Anaerobic 
broth  culturcH  may  Ix;  simply  made  bj'  covering  the 
surface  of  the  medium  with  a  layer  of  albolin  or 
any  other  oil,  and  removing  the  air  by  boiling. 

Upon  meat-infusion  gelatin  at  20°  to  22°  C.  the 
t^'tanus  bacillus  grows  readily,  growth  becoming 
visible  during  the  second  or  third  day.  There  is 
slow  fluidification  of  the  gelatin. 

„      -_ ,.  On  agar,  at  37.5°  C,  growth  appears  within  forty- 

TbtanusCulthkr  eight  hours.  Colonies  on  agar  plates  present  a  rather 
IK  Glucose  Auar.  characteristic  appearance,  consisting  of  a"  compact 
center*  surrounded  by  a  loose  meshwork  of  fine  61a- 
ments,  not  unlike  the  medusa-head  appearance  of  subtilis  colonies. 
In  agar  stabs,  fine  radiating  processes  growing  out  in  all  directions 
from  the  central  stab  tcntl  to  give  the  culture  the  appearance  of  a  fluff 
of  cotton.  Milk  is  a  favorable  culture  medium  and  is  not  coagulated. 
On  potato,  growth  is  delicate  and  hardly  visible. 

>  Ferran,  Cent.  f.  Bakt.,  xxiv,  No.  1. 
'  Belfanti,  Arch,  per  Je  sci.  med.,  xvi. 
•  Th.  Smitk,  Brown,  and  Walker,  Jour.  Med.  Res.,  N.  S.,  ix,  1906. 
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The  most  favorable  temperature  for  the  growth  of  this  bacillus  ia 
Sl.b"  C.    Slight  alkalinity  or  neutrality  of  the  culture  media  is  most  ad- 
vantageous, though  moderate  acidity  does  not  altogether  inhibit  growth. 
All  the  media  named  may  be  rendered  more  favorable  still  by  the  ad- 
dition of  one  or  two  per  cent  of  glucose,  maltoee,  or  sodium  formate.' 
la  media  contuning  certain  carbohydrates,  tetanus  bacilli  produce  acid. 
In  gelatin  and  agar,  moderate  amounts  of  gas  are 
produced,   consisting   chiefly  of  CO,,  but  with  the 
admixtures  of  other  volatile  substances  which  give 
rise  to  a  characteristically  unpleasant  odor,  not  unlike 
that  of  putrefying  organic  matter.    This  odor  is  dua 

largely  to  H,  S  and  methylmercaptan. 

The  vegetative  forms  of  the  tetanus  bacillus  arc 

not  more  resistant  against  heat  or  chemical  agents 

than  the  vegetative  forms  of  other  microorganisms. 

Tetanus    spores,   however,  will   resist  dry  heat  at 

80"  C.  for   about  one   hour,  live   steam  for  about 

five  minutes;    five  per  cent  carbolic  acid  kills  them 

in  twelve  to  fifteen  htiurs;  one  per  cent  of  btchlo- 

rid    of  mercury   in   two  or   three    hours.      Direct 

Bimlight  diminishes  their  virulence  and  eventually 

destroys  them.*    Protected  from  sunlight  and  other 

deleteriaus  influences,  tetanus  spores  may  remain 

viable  and  virulent   for  many  years.      Henrijean  * 

has  reported  her  success  in  producing  tetanus  with 

bacilli   from    a   splinter   of   wood   infected   eleven 

years  before. 

Patbogenid^. — ^The  comparative  infrwjuency  of 

tetanus  infection  is  in  marked  contrast  to  the  wide 

distribution  of  the  bacilli  in  nature.    Introduced  into 

the  animal  body  aa  spofes,  and  froc  from  toxin,  they 

may  often  fail  to  incite  disease,  easily  falling  prey  to 

phagocytosis  and  other  protective  agencies  before  the  vegetative  forms 

develop  and  toxin  is  formed.  The  protective  importance  of  phagocyto- 
sis was  demonstrated  by  Vaillard  and  Rouget,*  who  introduced  tetanus 
spores  inclosed  in  paper  sacs  into  the  animal  body.     By  the  paper  cap- 

^KitamUo,  Zeit.  f.  Hyg.,  1S91. 

'v.  Eider  und  PrUtTam,  in  Levaditi,  "Handbuch,"  etc.,  Jena,  1907. 

*  Henriitan,  Ann.  de  la  soc.  mfid.  chir.  de  LiSge,  1891. 

'  FoiUord  et  Rouget,  Ann.  de  I'inat.  Pasteur.  1892. 


Fia.  98.— Older 
Tetanus  CuLTimE 
IN  Glucose  Aoar. 
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i.ules  the  spores  were  protected  from  the  leucocytes,  not  from  the  body 
fluids.  Nevertheless,  tetanus  developed  in  the  animals.  The  nature  of 
the  wound  and  the  simultaneous  presence  of  other  micFOorg^nisms  aecm 
to  be  important  factors  in  determining  whether  or  not  the  tetanus  bacilli 
shall  be  enabled  to  proliferate.  Deep,  lacerated  wounds,  in  which  there 
has  been  considerable  tissue  destruction,  and  in  which  chips  of  glasa, 
wood  splinters,  or  grains  of  dirt  have  become  embedded,  are  particularly 
favorable  for  the  development  of  these  germs.  The  injuries  of  compound 
fractures  and  of  gunshot  wounds  are  especially  liable  to  supply  these 
conditions,  and  the  presence  in  such  wounds  of  the  common  pus  cocci, 
or  of  other  more  harmless  parasites,  may  aid  materially  in  furnishing  an 
environment  suitable  for  the  growth  of  the  tetanus  bacilli.  Apart  from 
its  occurrence  following  trauma,  tetanus  has  been  not  infrequently  ob- 
served after  childbirth,'  and  isolated  cases  have  been  reported  in  which 
it  has  followed  diphtheria  and  ulcerative  lesions  of  the  throat.' 

A  definite  period  of  incubation  elapses  between  the  time  of  infecttan 
with  .tetanus  bacilli  and  the  development  of  the  first  sjanptoms.  In 
man  this  may  last  from  five  to  seven  days  in  acute  cases,  to  from  four 
to  five  weeks  in  the  moro  chronic  ones.  Experimental  inoculation  of 
guinea-pigs  is  followed  usually  in  from  one  to  three  days  by  rigidity  of 
the  muscles  nearest  the  point  of  infection.  This  spastic  conditioa  rapidly 
extends  to  other  parts  and  finally  leads  to  death,  which  occurs  within 
four  or  five  days  after  infection. 

Autopsies  upon  human  beings  or  animals  dead  of  tetanus  reveal  few 
and  insignificant  lesions.  The  initial  point  of  infection,  if  at  tdl  evident, 
is  apt  to  be  small  and  innocent  in  appearance.  Further  than  a  general 
and  moderate  congestion,  the  oi^ans  show  no  pathological  changes. 
Bacilli  are  found  sparsely  even  at  the  point  of  infection,  and  have  been 
but  rarely  demonstrated  in  the  blood  or  viscera.  Nicolaier  succeeded 
in  producing  tetanus  with  the  organs  of  infected  animals  in  but  deven 
out  of  fifty-two  cases.  More  recently,  TizKoni*  and  Creite*  have  suc- 
ceeded in  cultivating  tetanus  bacilli  out  of  the  spleen  and  heart's  blood 
of  infected  human  beings. 

The  researches  of  Tarozzi  *  and  of  Canfora  •  have  shown  also  that 
spores  may  be  transported  from  the  site  of  inoculation  to  the  liver, 
spleen,  and  other  organs,  and  there  lie  dormant  for  as  long  as  fifty-one 
days.    If  injury  of  the  organ  is  experimentally  practised  and  dead  tissue 

'  Baginsky,  Deut.  med.  Woch.,  18S3.  '  CreUe,  Cent.  f.  Bakt.,  mvii. 

'  Foges,  Wien.  med.  Woch.,  1895.  '  TaTotsi,  Cent.  f.  Bakt.  Orig.  xxxriii. 

•  TwzoHi,  Zi^kir'B  Beit.,  vii.  •  CanSarn,  CeDt.  I.  Bakt.  Orig.  riv. 
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or  blood  clot  produced,  the  sporea  may  develop  and  tetanus  ensue. 
These  experiments  may  explain  cases  of  so-called  cryptogenic  tetanus. 
■  T«tantu,  Ttnin. — The  pathc^enicity  ot  the  tetanus  bacillus  depends 
entirely  upon  the  soluble  toxin  which  it  produces.  This  toxin  is  produced 
in  suitable  media  by  all  strains  of  virulent  tetanus  bacilli,  individual 
strains  showing  less  variation  in  this  respect  than  do  the  separate  strains 
of  diphtheria  bacilli.  While  partial  aSrobiosis  does  not  completely  elimi- 
nate toxin  formation,  anaerobic  conditions  are  by  far  more  favorable  for 
its  development. 

The  medium  most  frequently  employed  for  the  production  of  tetanus 
toxin  is  neutral  or  slightly  alkaUne  i:>eef-inf  uaion  bouillon  containing  five- 
tenths  per  cent  NaCl  and  one  per  cent  pepton.  Glucose,  sodium  formate, 
or  tincture  of  litmus  may  be  added,  but  while  these  substances  increase 
the  speed  of  growth  of  the  bacilli  they  do  not  seem  to  enhance  the  de- 
gree of  toxicity  of  the  cultures.  Glucose  is  s^d  even  to  be  unfavorable  for 
strong  toxin  development.  It  is  important,  too,  that  the  bouillon  shall 
be  freshly  prepared.^  There  does  not  seem  to  be  any  direct  relationship 
between  the  amount  of  growth  and  the  degree  of  toxicity  of  the  cultures. 
Under  anaerobic  conditions  in  suitable  bouillon  and  grown  at  37.5°  C, 
the  maxiipum  toxin  content  of  the  cultures  is  reached  in  from  ten  days 
to  two  weeks.    After  this  tune  the  toxin  deteriorates  rapidly. 

Tetanus  toxin  has  been  produced  without  resort  to  anaerobic 
methods  by  several  observers,  notably  by  Debrand,'  by  cultivating  the 
bacilli  in  bouillon  in  symbiosis  with  Bacillus  subtiUs.  By  this  method, 
'Debrand  cl^ms  to  have  produced  toxin  which  was  fully  as  potent  as 
that  produced  by  anaerobic  cultivation.^ 

The  tetanus  toxin,  in  solution  in  the  bouillon  cultures,  may  be  sepa- 
rated from  the  bacteria  by  filtration  through  Berkefeld  or  Ghamberland 
filters.  Since  the  poison  in  such  filtrates  deteriorates  very  rapidly, 
much  more  rapidly  even  than  diphtheria  toxin,  various  methods  have 
been  devised  to  obtain  the  toxin  in  the  solid  state.  The  most  useful  of 
these  is  precipitaUon  of  the  poison  out  of  solution  by  oversaturation 
with  ammonium  sulphate.*  Very  Uttle  of  the  toxin  is  tost  by  this  method 
and,  thoroughly  dried  and  stocked  in  vacuum  tubes,  together  with  an-  . 
hydrous  phosphoric  acid,  it  may  be  preserved  indefinitely  without  dete- 
rioration.   The  precipitate  thus  formed  is  easily  soluble  in  water  or 

»  Vaiaard  et  Vtm»n('  Ann-  de  I'mat.  Paateur,  1891. 
*  DOmmd,  Ann.  de  I'inst.  pHateur,  1890,  1902. 
»  Brieger  imd  Cohn,  Zeit.  f.  Hyg.,  xv, 
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salt  solution,  and  therefore  permits  of  the  preparation  of  uniform  solu- 
tions for  piupoees  of  standardization. 

Brieger  and  Boer  >  have  also  succeeded  in  precifHtating  the  toxin 
out  of  broth  solution  with  zinc  chloride.  Vaillard  and  Vincoit  *  have 
procured  it  in  the  dry  state  by  evaporation  in  vacuo. 

Brieger  and  Cohn,'  Brieger  and  Boer/  and  others  have  attempted 
to  isolate  tetanus  poison,  removing  the  protetds  from  the  ammonium  sul- 
phate precipitate  by  various  chemical  methods.  The  purest  preparaticHis 
obtained  have  been  in  the  form  of  fine  yellowish  flakes,  soluble  in  water, 
insoluble  in  alcohol  and  ether.  Solutions  of  this  substance  have  failed 
to  ^ve  the  usual  proteid  reactions. 

The  toxin  when  in  solution  is  extremely  sensitive  to  heat.  Kita- 
sato  '  states  that  exposure  to  68°  C.  for  five  minutes  destroys  it  com- 
pletely. Dry  toxin  is  more  resistant,' often  withstanding  temperatures 
of  120°  C.  for  more  than  fifteen  minutes.  Exposure  to  direct  sunlight 
destroys  the  poison  in  fifteen  to  e^hteen  hours.' 

Interesting  experiments  as  to  the  action  of  eosin  upon  tetanus  toxin 
have  been  carried  out  by  various  observers.  Flexner  and  Noguchi ' 
found  that  five  per  cent  eosin  added  to  the  toxin  would  destroy  it 
within  one  hour.  This  action  is  ascribed  to  the  photodynamic  power 
of  the  eoran. 

The  toxin  exerte  an  extremely  low  osmotic  preflsuie  and  iB  easily 
destroyed  by  electric  currents. 

Tetanus  toxin  is  one  of  the  most  powerful  poisons  known  to  us. 
Filtrates  of  broth  cultures,  in  quantities  of  0.000,005  cc,  will  often  prove 
fatal  to  mice  of  ten  grams  weight.  Dry  toxin  obtained  by  ammo- 
nium sulphate  precipitation  *  is  quantitatively  even  stronger,  values  of 
0.000,001  grams  as  a  lethal  dose  for  a  mouse  of  the  given  we^t  not 
being  uncommon.  Briefer  and  Cohn'"  succeeded  in  producing  a  dry 
toxin  capable  of  killing  mice  in  doses  of  0.000,000,05  gram. 

Different  species  of  animals  show  great  variation  in  their  suacepti- 

'  Brieger  und  Boer,  Zeit.  f.  Hyg.,  mi. 

■  VatUord  et  Vineenl,  Ann.  de  L'inst.  Pttatour,  ISftl. 

*  Brieger  und  Cokn,  loc.  cit. 

*  Brieger  und  Boer,  Zeit.  f.  Hyg.,  xjd. 
»  Kitaaato,  Zeit.  f.  Hyg.,  x. 

*  Marax  et  Marie,  Ann.  de  l'inst.  Pasteur,  1902. 
'  Permi  und  Pemtmi,  Cent.  f.  Bokt,,  itv. 

»  Flexner  and  Nogiicki,  "Studies  from  Rockefeller  Inat.,"  v.,  1905. 

*  Brieger  und  Cohrt.,  loc.  cit. 
'"Brieger  und  Cokn.,  Zeit.  (.  Hyg.,  xv, 
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bility  to  tetanus  tonn.  Human  beii^  and  horses  are  probably  the  most 
susceptible  species  in  proportion  to  their  body  weight.  The  ctHmnon 
domestic  fowls  are  extremely  resistant.  Calculated  for  grams  of  body 
weight,  the  horse  is  twelve  times  as  susceptible  as  the  mouse,  the  guinea- 
pig  six  times  as  susceptible  as  the  mouse.  The  hen,  oa  the  other  hand, 
is  200,000  times  more  redstant  than  the  mouse. 

After  the  inoculation  of  an  animal  with  tetanus  toxin  there  is  always 
a  definite  period  of  incubation  before  the  toxic  spasms  set  in.  This 
period  may  be  shortened  by  increase  of  the  dose,  but  never  entirely 
eliminated.'  When  the  toxin  is  injected  subcutaneously,  spasms  b^n 
first  in  the  muscles  nearest  the  point  of  inoculation.  Intravenous 
inoculation,*  on  the  other  hand,  usually  results  in  general  tetanus  of 
all  the  muscles.  The  feeding  of  toxin  does  not  produce  disease,  the 
poison  being  passed  through  the  .bowel  unaltered. 

Tlie  harmful  action  of  tetanus  toxin  is  generally  attributed  to  its 
affinity  for  the  central  nervous  system.  Waseennarm  fuid  Takaki  * 
show  that  tetuius  toxin  was  fully  neutralized  when  mixed  with  brain 
substance.  Other  organs — liver  and  spleen,  for  instance — showed  no  such 
neutralizing  power.  The  central  origin  of  the  tetanic  contractions  was 
made  very  evident  by  the  work  of  Gumprecht,*  who  succeeded  in  stop- 
ping the  spasms  in  a  ^ven  region  by  division  of  the  suppljdng  motor 
nerves. 

The  manner  in  which  the  toxin  reaches  the  central  nervous  system 
has  been  extensively  investigated,  chiefly  by  Meyer  and  Ransom,  imd 
Marie  and  Morax.  Meyer  and  Ransom  *  from  a  series  of  careful  experi- 
ments reached  the  concluuon  that  the  toxin  is  conducted  to  the  nerve 
centers  along  the  paths  of  the  motor  nerves.  Injected  into  the  circu- 
lation,* the  toxin  reaches  amultaneously  all  the  motor  nerve  endings, 
producing  general  tetanus.  In  this  case  too,  therefore,  the  poison  from 
the  blood  can  not 'pass  directly  into  the  central  nervous  system,  but 
must  follow  the  route  of  nerve  tracts. 

These  observations  have  been  of  great  practical  value  in  that  they 
pcHnted  to  the  desirability  of  the  injection  of  tetanus  antitoxin  directly 
into  the  nerves  and  the  central  nervous  system  in  active  cases. 

'  Cownvmi  et  Doytn,  Arch,  de  phys.,  1893. 

"  Stm»om,  Deut.  med.  Woch.,  1893. 

'  WoMermaTm  und  Takoki,  Berl.  kliii.  Woch.,  I8A8. 

*  Oumprecht,  PflUger'a  Aich.,  1895. 

'  Meyer  uod  Ramom,  Aich.  f.  exp.  Phann.  u.  Path.,  xlix. 

*  MarU  et  Morax,  Aim.  de  I'lnst.  Paateur,  1S02. 
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Tetauolytin. — Tetanus  bouillon  contains,  besidea  the  "tetano- 
spasmin"  deacrJbed  above  which  produces  the  familiar  symptoms  of  the 
disease,  another  substance  discovered  by  Ehrlich  ^  aad  named  by  him 
"  tetanolysini"  Tetanolysin  has  the  power  of  causii^  hemolysis  of 
the  red  blood  corpuscles  of  various  animals,  and  is  an  entirely  separate 
substance  from  tetanospasmin.  It  may  be  removed  from  toxic  broth 
by  admixture  of  red  blood  cells,  is  more  tbermolabile  than  the  tetano- 
spasmin, and  gives  rise  to  an  antihemolysin  when  injected  into  animals. 
For  the  production,  standardization,  and  use  of  tetanus  antitoxin,  see 
p.  220  el  seq. 

Therapeutic  Value  of  Tetaaus  Antitoxin. — ^Until  recently  tetanus 
antitoxin  was  chiefly  useful  as  a  prophylactic,  from  1,000  to  5,000  units 
being  given  by  deeply  subcutaneous  or  intramuscular  injection.  Its 
use  after  the  onset  of  symptoms  had,  however,  been  fraught  with  much 
disappointment,  largely  because  it  was  net  possible  to  influence  the  toxin 
which  had  already  become  united  with  the  substance  of  the  nerve  tis- 
sues. Recently,  however,  more  perfect  methods  of  administration  have 
been  devised  with  which  better  results  have  been  achieved.  The  most 
successful  of  these  seems  to  be  the  method  of  Park  and  Nicoli.*  They 
carry  out  a  spinal  puncture  taking  off  a  moderate  amount  of  spinal  fluid, 
and  then  inject  slowly  by  gravity  from  3,000  to  5,000  units  of  tetanus 
antitoxin  in  a  volume  of  from  3  to  10  c.c.  At  the  same  time  10,000 
units  are  given  intravenously  or  intramuscularly. 

•  Ehrlich,  Berl,  klin.  Woch.,  1898. 

•  Par*  and  NieoO,  Jour,  of  Uie  A.  M.  A.,  voL  63,  July,  1914,  p.  235. 
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BACILLUS  OF  SYMPTOMATIC  ANTHRAX,  BACILLUS  OF  MALIGNANT 

EDEMA,  BACILLUS  AEROGENES  CAPSULATUS,  BACILLUS 

BOTULINUS 

BACILLUS  or  SYMPTOMATIC  ANTHRAX 

{BaeiUua  aTithracia  symptomatid,  Rauschbrand,  Ckarbon  symptomatique, 
Sarcophys&matoa  bovis) 

Stmptohatic  anthrax  is  an  infectious  disease  occurring  chiefly 
among  sheep,  cattle,  and  goats.  It  is  spoken  of  as  "quarter-evil"  or 
"blackly."  The  disease  has  never  been  observed  in'  man.  It  was 
formerly  confused  with  true  anthrax,  because  of  a  superficial  similarity 
between  the  clinical  symptoms  of  the  two  maladies.  Bacteriologically, 
the  two  microorganisms  are  in  entirely  different  classes. 

Symptomatic  anthrax  is  of  wide  distribution  and  infection  is  usually 
through  the  agency  of  the  soil  in  which  the  bacillus  is  present,  in  the 
form  of  spores  which  may  retwn  viability  for  several  years. 

MoridudoK7  and  Stainiiv- — ^The  bacillus  of  symptomatic  ^thrax 
is  a  bacillus  with  rounded  ends,  being  about  four  to  su  mtcra  long,  and 
five-tenths  to  six-tenths  micra  wide.  It  is  usually  seen  singly  and  never 
forms  long  chfuns.  The  bacillus  in  its  vegetative  form  is  actively  mottle 
and  possesses  numerous  fi{^;ella  placed  about  its  periphery.  In  artificial 
media  it  forms  spores  which  are  oval,  broader  than  the  rod  itself,  and 
placed  near,  though  never  actually  at,  the  end  of  the  bacillary  body. 
This  ^ves  the  bacillus  a  racket^shaped  appearance. 

It  is  readily  stiuned  with  the  usual  anilin  dyes,  but  is  easily  decolor- 
ized by  Gram's  method  of  staining.  However,  von  Hibler  claims  that 
when  very  carefully  stained  the  bacillus  can  be  shown  to  be  Gram- 
positive — at  least  when  taken  from  the  animal  body.' 

CultiTEtloii. — 'The  bacillus  is  a  strict  anaerobe.  It  was  obtained  in 
pure  culture  first  by  Kitasato.*    Under  anaerobic  conditions  it  is  easily 


'  txm  HiiAer,  KoUe,  Watserniann,  etc.,  p,  792,  vol.  i 
*  Kitaialo,  Woch.  f.  Hyg.,  1889. 
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cultivated  upon  the  usual  laboratory  media,  all  of  which  are  more 
favorable  after  the  addition  of  glucoae,  glycerin,  or  nutrose.  In  all 
media  there  is  active  gus  formation,  which,  owing  to  an  admixture  of 
butyric  acid,  is  of  a  foul,  sour  odor.  Thb  bacillus  is  not  very  delicate 
in  its  requirements  of  a  special  reaction  of  media,  growing  equ^y  wdl 
on  those  slightly  acid  or  slightly  alkaline. 

On  gelalin  plates,  at  20°  C,  colonies  appear  in  about  twenty-four 
KouTB,  usually  round  or  oval,  with  a  compact  center  about  which  fine 
radiating  filaments  form  an  opaque  halo.     The  gelatin  is  fluidified. 


Via.  99. — Bacilldb  or  Syuptokatic  Anthrax.    (After  Zetbiow.) 

Surface  colonics  upon  agar  plates  are  circular  and  made  up  of  a 
slightly  granular  compact  center,  from  which  a  thinner  peripheral  »m 
emanates,  containing  microscopically  a  tangle  of  fine  threads. 

In  agar  stabs,  at  37.5°  C,  growth  appears  within  eighte^i  boun, 
rapidly  spreading  from  the  line  of  stab  as  a  diffuse,  fine  cloud.  Gas 
formation,  especially  near  the  bottom  of  the  tube,  rapidfy  leads  to  tl» 
formation  of  bubbles  and  later  to  extensive  splitting  of  the  medium. 
In  gelalin  slab  cultures  growth  is  simitar  to  that  in  agar  stabs,  Uiou^ 
less  rapid. 

PaHiogenidty. — Symptomatic  anthrax  bacilli  are  pathogenic  for 
cattle,  sheep,  and  goats.  By  far  the  laigest  number  of  cases,  posmUy 
the  only  spontaneous  ones,  appear  among  cattle.  Guinea-pigs  are  very 
susceptible  to  experimental  inoculation.    Horses  are  vety  little  suacep- 
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tible.     Dogs,  cats,  rabbits,  and  birds  are  immune.     Man  abo  appears 
to  be  absolutely  immune.     Spontaneous  infection  occurs  by  the  en- 
trance of  infected  soil  into  abrasions  or  wounds,  usually  of  the  lower 
extremities.     Infection  depends  to  some  extent  upon  the  relative  de- 
gree  of  virulence  of  the  bacillus — a  variable  factor  in   this  species. 
Twelve   to  twenty-four  hours  after  inoculation  there  appears  at  the 
point  of  entrance   a    soft,  puffy  swelling,  which  on 
palpation  is  found  to  emit  an  emphysematous  crack- 
ling.    The  emphysema  ^reads  rapidly,  often  reaching 
the  abdomen  and  chest  within  a  day.     The  course 
of  the   disease  is  extremely  acute,  the  fever  high, 
the  general  prostration  extreme.     Dcvth  may  result 
within  three  or  four  days  after  inoculation. 

At  autopsy  the  swollen  area  is  found  to  be 
infiltrated  with  a  thick  exudate,  blood-tinged  and 
foamy.  Subcutaneous  tissue  and  muscles  are 
edematous  and  crackle  with  gas.  The  internal 
organs  show  parenchymatous  degeneration  and 
hemorrhagic  areas.  The  bacilli,  immediately  after 
death,  are  found  but  sparsely  distributed  in  the 
blood  and  internal  organs,  but  are  demonstrable  in 
enormous  numbers  in  the  edema  surrounding  the 
central  focus. 

If  carcasses  are  allowed  to  lie  unburied  for  some 
time,  the  bacilli  will  attain  a  general  distribution, 
and  the  entire  body  will  be  found  bloated  with  gas, 
the  organs  fUfed  with  bubbles.  Practically  identical 
conditions  are  found  after  experimental  inocula- 
tion. FiQ.    100.— Ba- 

Tozbis. — According  to  the  investigations  of  I.e-     cillus   of   Symp- 
clainche  and  Valine,'  the   bacillus  of   symptomatic     touaticAnthbax, 
anthrax  produces  a  soluble  toxin.     It  is  not  formed     ^^ 
to  any  extent  in  ordinary  broth,  but  is  formed  in 
considerable  quantities  in  broth  containing  blood  or  albuminous  ani- 
mal fluids. 

The  best  medium  for  obtaining  toxin,  according  to  the  same  authors, 
ia  the  bouillon  of  Martin,'  made  up  of  equal  parts  of  veal  infusion  and  a 

'  Ledainckt  et  ValUe,  Ann.  de  I'inat.  Pasteur,  1900. 
•  ilatiin,  Ann.  de  I'inat.  Pwteur,  1898. 
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pepton  aolution  obtained  from  the  macerated  tissues  of  the  stomachs  o( 
pigs.  The  toxin  contained  in  filtrates  of  such  cultares  is  quite  resistant 
to  heat,  but  rapidly  deteriorates  if  free  access  of  air  is  allowed. 

Inununlty. — Active  immunization  against  the  bacillus  of  symptom- 
atic anthrax  was  first  accomplished  by  Arloing '  and  his  collaborators 
by  the  subcutaneous  inoculation  of  cattle  with  tissue-extracts  of  in- 
fected animals.  The  work  of  these  authors  resulted  in  a  practical 
method  of  immunization  which  is  carried  out  aa  follows: 

Two  vaccines  are  prepared.  Vaccine  I  consists  of  the  juice  of  in- 
fected meat,  dried  and  heated  to  100°  C.  for  six  hours.  Vaccine  II  is  a 
similar  meat-juice  heated  to  90°  C,  for  the  same  length  of  time.  By 
the  heating,  the  spores  contained  in  the  vaccines  are  attenuated  to 
relatively  different  degrees.  Vaccine  I  in  quantities  of  O.OI  to  0.O2 
c.c.  b  emulsified  in  sterile  salt  solutions  and  injected  near  the  end  of 
the  tail  of  the  animal  to  be  protected.  .\  similar  quantity  of  Vaccine  II 
is  injected  in  the  same  way  fourteen  days  later. 

This  method  has  been  retained  in  principle,  but  largely  modified  in 
detail  by  various  workers.  Kitt '  introduced  the  use  of  the  dried  and 
powdered  whole  meat  instead  of  the  meat  juice,  and  made  only  one 
vaccine,  heated  to  94°  C,  for  six  hours.  Thb  method  has  been  largely 
used  in  this  countrj'.'  Passive  immunization  with  the  scrum  *  of 
actively  immunized  sheep  and  goats  has  been  used  in  combination  with 
the  methods  of  active  immunization. 


SAOILLUS  or  BULiaHAKT  XDEIU 

{Bacillus  adematis  maligni,  Vibrion  septique) 

In  1877,  Pasteur  *  described  a  bacillus  which  he  had  found  in 
pigs  and  rabbits  experimentally  inoculated  with  putrefying  animal 
tissues.  This  bacillus,  which  he  named  "Vibrion  septique,"  he  suc- 
ceeded in  cultivating  only  under  anaerobic  conditions  and  in  an  impure 
state,  and  described  as  its  pathi^nomonic  characteristics  the  formation 
of  an  extensive  edema  in  and  about  the  point  of  inoculation. 

'  ArUring,  Comevin,  et  Thomas,  "  Le  Charboa  Sympt.,"  etc.,  Paria,  1887.  Ref. 
from  Grsasberger  und  Sohattenfroh,  Kraus  unci  Levaditi,  "HBiidbud),''ete.,  voL 
i,  pt.  2. 

>  Kitt,  Ret.  from  Grasaberger  und  Schattenfroh,  loc  dt. 

>  B»iKirt  of  Bureau  of  Anunftl  Ind.,  Wash.,  1902. 
•  ATloiiig,  Ledainche,  et  VaUi-e,  loc,  cit. 

»  Fottew,  Bull,  de  I'acad.  de  m&I.,  1877,  p.  793. 
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Koch,'  who  studied  this  infection  in  connection  with  his  work  upon 
anthrax  in  1881,  called  attention  to  the  fact  that  the  bacillus  described 
■  by  Pasteur  did  not  prftduec  a  true  septicemia,  and  suggested  the  term 
"Bacillus  of  malignant  edema,"  which  is  now  in  general  use, 

Gaffky '  found  that,  apart  from  its  presence  in  putrid  material,  the 
bacillus  occurred  in  the  upper  layers  of  garden  soil  and  in  dust.  It 
has  since  been  found  to  be  widely  distributed  in  nature  and  in  the 
intestines  of  animals  and  of  man.  Its  wide  distribution  is  unques- 
tionably due  to  the  great  resistance  of  its  spores. 

Hoipbology  and  Staining. — The  bacillus  of  malignant  edema  is  a 


Fia.  101. — Bacillus  or  Mauonant  Edema.     (After  Prflnkel  and  Pfeiffer.) 

long  slender  rod,  not  unlike  the  anthrax  bacillus,  but  decidedly  more 
slender.  Its  average  measurements  are  1  micron  in  thickness  and  3 
to  8  micra  in  length.  It  usually  occurs  as  single  rods,  but  frequently 
appears  in  long  threads  showing  irregular  subttivisions.  Often  no  sub- 
divisions can  be  seen  and  the  threads  appear  as  long,  homogeneous 
filaments.  These  threads  arc  less  frequently  seen  in  preparations  from 
solid  media  than  in  those  from  bouillon  or  edema  fluid.  The  bacilli 
are  motile  and  possess  numerous  laterally  placed  ilagella.  Their  motil- 
ity is  never  very  marked  and  is  often  entirely  absent.     The  bacillus 

>  Koch,  Mitt.  a.  d.  kais.  Gesundheitsamt,  i,  IS81,  p.  52  et  aeq. 

>  Ca^%,  Mitt.  a.  d.  kais.  Gesundbeitsomt,  1S81. 
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produces  spores  at  temperatures  above  20°  C,  which  are  oral,  irregulariy 

piaffed  cither  in  the  center  or  slightly  nearer  one  or  the  other  end,  and 

cause  a  bulging  of  the  baciliary  body.  ' 

It  is  readily  stained  by  any  of  the  usual  anilin  dyee.     Stained  by 

Gram's  method  it  is  decolorized. 

Otilti7ation. — Bacillus  oedematis  maligni  is  strictly  anaerobic. 
Under  anaerobic  conditions  it  develops  readily  upon 
any  of  the  usual  artificial  media.  The  bacillus  is  not 
very  sensitive  to  the  reaction  of  media  and  grows 
more  luxuriantly  in  all  media  to  which  glucose  has 
been  added.  In  all  media  it  forms,  by  the  cleavage  of 
proteids,  putridly  offensive  gases. 

In  gelatin  at  room  temperature,  colonies  develop  m 
about  three  days  as  small  grayish  spherical  gron'tfaa, 
which  microscopically  show  an  arrangement  in  radial 
filaments.    The  gelatin  is  fluidified. 

In  gdaiin  slab  cultures  growth  begins  as  a  white 
column  extending  to  within  a  centimeter  of  the  t«^ 
of  the  medium.  Soon  irregularly  radiating  processes 
develop  laterally  and  gas  bubbles  appear,  breaking  up 
the  mc<lium. 

Stab  cultures  in  agar  show  growth  within  twenty- 
four  to  thirty-six  hours  at  37.5°  C,  appearing  at  first 
as  a  white  line,  but  soon  showing  a  cloud-Iike  lateral 
extension  along  the  entire  line  of  the  stab.  If  sugar 
is  pre^nt  bubbles  appear  throughout  the  medium. 

In  brolh  there  is  general  clouding  and  a  granular 
sediment;  no  pellicle  is  formed.     MUk  is  slowly  coag- 
ulated.    On  blood  serum  growth  is  very  luxuriant. 
■~     '    On  potato,  a  medium  used  In  the  earliest  studies  of 

uoNANT  Edema.    **'*'  banlllus  by  Gaffky,  the  bacillus  grows  readily. 

Culture  in  glu-  Isolation    may   be    accomplished    by  any  of   the 

cose  agar.  ordinary  anaerobic    plating   methods.      The  baciUoa 

can  usually  be  obtained  for  subsequent  isolation  by 

injection  of  a  susceptible  animal  with  soil,  especially  that  of  gardens  or 

manured  fields. 

Pathogenicity. — -The  bacillus  is  pathogenic  for  mice,  guinea-pigs, 

rabbits,  horses,  dogs,  sheep,  pigs,  some  birds,  and  man.     Cattle  wen 

formerly  regarded  as  immune,  an  opinion  which  has  since  been  found  to 

■m;  erroneous. 
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Subcutaneous  inoculation  of  pure  culture  into  a  susceptible  subject 
produces,  within  twenty-four  to  thirty-six  hours,  an  acute  edematous 
inflanunation  about  the  point  of  inoculation.  The  edema  extends 
throughout  the  subcuticular  and  deeper  layers,  and  consists  of  thin, 
slightly  bloody  fluid.  Neighboring  lymph  nodes  become  swollen  and 
hemorrhagic.  In  the  mixed  infections  of  accidental  inoculation,  but 
more  rapidly  in  experimental  inoculations  with  pure  cultures,  gas  is 
formed  and  consequent  subcutaneous  emphysema.  Together  with  this 
there  are  symptoms  of  general  toxemia.  In  the  smaller  ,test  animals  this 
disease  is  usually  fatal.  At  autopsy  the  bacilli  are  found  in  the  edema 
fluid  about  the  local  lesion.  At  autopsies  done  soon  after  death,  the 
organisms  are  not  found  in  the  blood  or  internal  organs.  I^ter  they 
may  be  generally  distributed  throughout  the  body-  In  mice  only  may 
the  bacilli  enter  the  blood  stream  before  death.  The  internal  organs 
of  animals  dead  of  this  infection  usually  show  parenchymatous  degen- 
eration and  occasionally  hemorrhages. 

Malignant  edema  is  not  a  frequent  disease.  It  has  been  occasionally 
observed  in  horses,  in  cattle,  and  in  sheep.  In  man  the  infection  usually 
appears  after  traumatism  or  secondarily  after  compound  fractures  or 
upon  the  site  of  suppurating  wounds.  Isolated  cases  have  been  de- 
scribed as  arising  after  hypodermic  injections.  One  case  has  been 
reported  as  arising  in  the  uterus  after  instrumental  abortion. 

immnnity — Recovery  from  an  infectioa  with  the  bacillus  of  malig- 
nant edema  produces  inununity  against  subsequent  infections.'  The 
bacillus  in  fluid  media  produces  small  amounts  of  a  soluble  toxin  which 
in  bactena-free  filtrates  is  capable  of  killing  guinea-pigs.  Relatively 
lai^  quantities  of  filtrate  must  be  employed.  Roux  an<l  Chamberland,' 
the  first  to  work  upon  these  toxins,  were  able,  by  means  of  them,  to 
immunize  guinea-pigs.  Similar  immunity  could  be  produced  by  treat- 
ment with  the  toxic,  filtered  sera  of  animals  dead  of  the  disea-st-.* 

BACILLUS  AEROOEHES  CAP8ULATUS 

The  bs(nllus  finds  wide  distribution  in  nature,  being  found  in  soil, 
dust,  and  brackish  water,  and  in  the  normal  intestinal  tracts  of  human 
beings  and  mammals.* 

'  Arioins  «(  Chmuieau,  Ann.  de  m6d.  v6t.,  1884. 

*  Souxet  Chamberland,  Ana.  de  I'ioBt.  Pasteur.  1887.     'Saufdiee,  Zeit.  f .  Hyg.,  x\v. 

*  Although  B.  aeiogenes  capeulatus  und  U.  phlegmonis  emphysemtttoHa:  are  aep- 
arately  described  in  many  books,  notably  Migula's  "System  d.  Baktcriola^ic,"  the 

8  have  been  shown  beyond  question  to  be  identical  and  are  acknowl- 
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There  has  been  endless  confusion  in  the  dassification  of  the  so- 
called  aerogenes  capsulatus  oi^anisms,  a  group  which  has  been  known 
in  different  countries  by  a  large  variety  of  names.  Its  first  description 
is  probably  that  by  Welch  and  Nuttall '  in  1892,  who  gave  it  the  name 
B.  aSrogenes  capauiatus,  by  which  name,  or  briefly  Welch  baciUua,  it  is 
most  commonly  designated  by  American  bacteriologists.  Similar  or 
identical  organisms  are  the  B.  pklegmonis  emphysenuUosce  of  Fraenkel, 
the  B.  erUeriditia  sporogenes  of  Klein,  the  B.  perfringeiui  of  Veillon  and 
Zuber,  and  the  Granulobacillits  aaccharobtUifricua  liquefadena  immobilis 
of  Scbattenfroh  and  Grassberger,  and  a  number  of  others  less  prominent 
in  the  literature. 

The  task  of  classifying  these  various  organisms  is  one  of  great 
technical  difficulty,  and,  as  in  so  many  other  groups  of  bacteria  orig- 
inally described  as  a  single  species,  we  are  now  learning  that  instead 
of  complete  identification  of  individual  isolations,  one  with  another, 
we  can  merely  draw  a  circle  about  a  certain  group,  recognizing  close 
relationship  morphologically,  culturally,  and  in  relation  to  infections  of 
man  and  animals.  After  a  very  careful  study  of  many  different  strains, 
Simmonds  comes  to  the  conclusion  that  the  Welch  bacillus,  so-called, 
is  roughly  identic^  with  those  mentioned,  includii^  also  the  bacilli  once 
associated  by  Achalme  with  rheumatic  infections.  The  term  B.  Welchil, 
he  concludes,  does  not  represent  a  fixed  species  butaclosolyrelatedgroup 
of  bacteria  not  yet  fully  classified  even  by  his  own  extensive  studies. 

It  is  often  hard  to  determine  in  the  case  of  organisms  of  such  varied 
activities  exactly  what  can  be  regarded  as  a  cardinal  characteristic 
important  foc^  classifying  purposes.  The  organisms  treated  of  in  this 
group  are  all  large  Gram-positive,  non-motile  bacilli,  with  rounded 
ends,  rarely  occurring  in  chains,  and  anaerobic.  Spore  formation  is  in- 
constant and  occurs  only  in  an  alkaUne  medium.  When  fennentable 
sizars,  and  consequently  free  acid,  are  present,  no  spore  formation 
takes  place.  Milk  is  fermented  with  the  formation  of  butyric  acid. 
The  intravenous  injection  of  animab,  especially  rabbits,  usually  pro- 
duces death  with  an  enormous  swelling  of  the  body  by  the  formation 
of  gas,  which  bums  with  a  pale  blue  flame.  Capsules  may  be  seen 
when  the  smears  are  made  directly  from  animal  tissues,  but  are  almc»t 
universally  missed  in  organisms  taken  from  culture. 

As  to  minor  cultural  characteristics,  so  many  variations  are  ob- 
served that  it  is  hardly  worth  while  to  summarize  them. 

>  See  Simmondt,  MoD<%rapha  of  the  Rockefeller  Institute,  No.  5,  Sept.  27,  1915. 
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Patbogesici^. — It  in  extremely  interesting  that,  though  a  path- 
ogenic anaerobe,  no  one  has  so  far  been  able  to  show  satisfactorily  the 
production  of  a  true  exotoxin,  tliough  such  a  claim  has  been  made  sev- 
eral times.  Poisonous  products  that  have  been  obtained  from  culti^res 
have  not  conformed  with  the  characteristics  of  true  exotoxins  as  we 
rect^nize  them  now.  Moreover,  the  reaction  of  toxin-containing  fil- 
trates, as  Simmoiids  points  out,  lias  been  almost  always  acid,  and  Mo- 
Campbell  and  others  have  suggested  that  the  toxicity  of  such  cultures 
is  due  to  the  presence  of  butyric  acid.  It  b  interesting  in  this  connec- 
ticBi  also  that  Hertfir,  who  gave  a  great  deal  of  attention  to  the  presence 
of  these  organisms  in  the  bowel  and  attributed  to  them  etiological  rela- 
tionship with  many  intestinal  disorders,  believed  that  diarrhea  following 
intestinal  putrefaction  was  due  to,  a  very  large  extent  to  the  irritatioa 
produced  by  ammonium  butyrate,  the  Welch  bacilli  being  responsible 
for  the  appearance  of  the  butyric  acid. 

The  search  for  endotoxins,  too,  seems  to  have  been  imsuccessful, 
and  henaolysins  have  been  irregularly  present  in  cultures  studied  by 
various  investigators. 

Great  differences  in  virulence  have  been  observed  in  the  study  of 
various  strains.  A  good  many  of  the  strains  seem  to  have  great  patho- 
genicity for  the  ordinary  laboratory  animals,  especially  for  guinea-p^ 
and  rabbits.  Yet  certain  non-eporulating  forms  have  shown  little  or 
no  virulence.  However,  variation  in  virulence  seems  to  fluctuate  con- 
fflderably  according  to  the  culture  medium  and  the  symbiotic  conditions 
under  which  the  organisms  have  been  cultivated.  In  man,  fortunately, 
there  seems  to  be  a  relatively  powerful  resistance  c^ainst  Welch  bacillus 
infections.  In  fact,  many  investigators  have  believed  that  the  Welch 
bacnllus  is  primarily  a  saprophyte  and  requires  the  presence  of  dead  - 
tissue  or  physiological  injury  before  it  can  penetrate  and  thrive  in 
ibe  biunan  body.  It  has  been  observed  in  gas  cysts  of  the  brain,  in 
"gangrenous"  pneumonia,  in  ap[>endix  abscesses,  in  puerperal  sepsis 
after  abortion,  in  general  septicemia,  and  in  many  other  conditions. 
However,  in  many  of  these  cases  it  may  be  quite  reasonable  to  question 
the  primary  character  of  the  "gas  bacillus"  infection,  and  in  others 
again,  the  Welch  bacillus  may  be  regarded  as  an  ante-mortem  invasion, 
a  supposition  strengthened  by  the  study  of  terminal  infections  made  by 
Flexner,  in  which  such  a  possibility  is  plainly  demonstrated.  Thus, 
wlule  the  Welch  bacillus  may  unquestionably  invade  the  human  body 
and  do  much  injury,  and  even  be  regarded  in  many  cases  as  probably 
the  direct  cause  of  death,  its  invasion  in  many  of  these  cases  must  be 
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regfirdcil  as  not  li  primary  inva-sion,  but  as  one  associated  with  and 
niado  possible  l)y  either  traumatic  injury  or  tlie  co-operatioii  of  other 
invasive  gemns  such  as  Btreptococci,  stapliylococci  and  others.  There 
may,  of  course,  in  addition  to  these  t)e  rare  instances  in  which  the 
Welch  bacillus,  owing  to  excessive  virulence  of  the  strain  or  relatively 
low  resistance  of  the  infected  individual,  becomes  the  primary  invader. 
It  is  easy  to  understand  under  these  conditions  why  severe  trauma 
associated  with  the  carrying  of  soil  would  form  ideal  coDdiUoos  for  the 
production  of  Welch  bacillus  infections. 

The  most  interesting  chapter  in  the  pathc^nicity  of  the  Welch 
bacillus  is  its  relation  to  intestinal  disease.  Simmoods  confinns  by  hie 
own  work  the  work  of  many  others  that  the  Welch  bacillus  may  be 
regarded  as  a  normal  inhabitant  of  the  intestines  of  man.  In  19  babies 
under  one  year  of  age  he  found  Welch  bacilli  in  the  stools  of  8.  He 
points  out  that  it  has  been  found  even  in  nursing  infants  by  a  number 
of  investigators. 

Herter  '■  has  associated  the  presence  of  the  Welch  bacillus  in  the 
bowel  with  pernicious  amemia.  However,  no  such  relati<»iship  can  at 
present  be  assumed  on  the  basis  of  available  work. 

Isolation. — ^Thc  bacillus  may,  of  course,  be  isolated  by  anaerobic 
plating  methods.  It  is  best  isolated,  however,  from  mixed  cultures  by- 
animal  inoculation.  If,  for  instance,  it  is  desired  to  obtain  it  from  a 
mixed  culture  or  from  feces,  a  suspension  of  about  I  c.e.  of  the  sus- 
pected material  is  made  in  5  c.c.  of  sterile  salt  solution.  This  is  thor* 
oi^hly  emulsified  and  filtered  through  a  sterile  paper.  One  to  two  c.c. 
of  this  suspension  is  then  injected  into  the  ear  vein  of  a  rabbit.  After 
four  or  five  minut«s  the  rabbit  is  killed.  It  is  then  placed  in  the  incu- 
'  bator  for  five  to  eight  hours.  At  the  end  of  this  time,  the  animal  is 
usuiiUy  found  tensely  distended  with  gas.  At  autopsy,  gas  bubbles 
will  be  found  distributed  throughout  the  organs,  most  cbaracteristically 
in  the  liver,  where  isolated  bubbles  are  found  covering  the  surface. 
From  those  bubbles  cultures  or  smears  may  be  taken  for  identification. 
Identification  is  easily  made  from  its  morphology,  its  capsule,  lack  of 
motility,  and  gas  formation. 

The  interest  of  bacterioli^sts  in  the  Welch  bacillus  has  lately 
been  attracted  particularly  by  the  frequent  occurrence  of  the  co-called 
gas  bacillus  infections  in  soldiers  in  the  trenches.  Apparently,  these 
infections  are  due  to  the  fact  that  dirty  clothing  and  din,  from  the  skin 

'//CTi«r, "  Hai'Ujriallnfeption  of  the  Inteatinal  Tract,"  New  York,  Miwiiullan,  1907. 
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ore  carried  into  the  wounds  with  the  missiles,  and  the  d^ree  of  trauma 
funuBhee  the  conditions  imder  which  the  bacillus  can  grow. 

These  infections  are  characterized  by  a  very  marked  destruction  of 
muscle  fibers,  histological  examination  showing  a  compie^  disinte- 
gration of  the  cells.  It  is  probable  that  a  great  deal  of  acid,  especially 
butyric  acid,  is  formed  from  the  glycogen  of  the  muscle  by  the  gas 
bacillus,  and  that  this  contributes  to  the  intoxication  of  the  patient. 

Stewart  and  West  have  studied  such  infections  in  guinea-pigs 
in  our  laboratory  and  have  noticed  great  frequency  of  gastric  ulcer 
fonnation  in  guinearpigs  succumbing  from  the  bacillus.  Since  they 
could  produce  similar  ulcere  by  intravenous  injections  of  acetic  acid, 
tbey  concluded  that  much  of  the  systemic  injury  caused  by  the 
bacillus  may  be  associated  with  acid  production. 

Weinberg  and  Sacquep^  have  recently  claimed  a  true  toxin  in  cul- 
tures isolated  frcon  woimded  soldiere  and  have  produced  an  intoxication 
agwnst  this  poison.  No  such  true  toxin  has  been  found  in  the  cultures 
studied  in  our  laboratory  and  this,  together  with  the  experiences  of 
many  other  workers,  inclines  us  to  beheve  that  the  organism  studied 
by  Weinberg  and  Sacquepte  is  distinct  from  the  bacteria  ordinarily 
classified  with  the  Welch  bacillus. 


BACILLnS  BOTULINTTS 

Meat  poisoning  was  formerly  r^arded  as  universally  dependent  upon 
putrefactive  chaises  taking  place  in  infected  meat,  resulting  in  the 
production  of  ptomains  or  other  harmful  products  of  bacterial  putre- 
faction. It  was  not  until  1388  tliat  cert^n  of  these  cases  were  definitely 
recognized  as  true  bacterial  infections,  in  which  the  preformed  poison 
prot«bly  aided  only  in  establishing  the  infection.  Gartner,  in  that 
year,  discovered  the  Bacillus  enteritidis,  a  microorganism  belongii^  to 
the  group  of  the  paracolon  bacilli,  and  demonstrated  its  presence  both 
in  the  infecting  meat  and  in  the  intestinal  tracts  of  patients.  The  char- 
acteristics of  this  type  of  meat  poisoning  have  been  discussed  more 
particularly  in  the  section  describing  the  bacillus  of  G&rtner  and  its 
allied  forms. 

There  is  another  type  of  meat  poisoning,  however,  which  is  not  only 
much  more  severe  (endii^  fatally  in  almost  25  per  cent  of  the  cases),  but 
is  characterized  by  a  clinical  picture  more  significant  of  a  profound 
systemic  toxemia  than  of  a  mere  gastroenteric  irritation.  The  etio-' 
logical  factor  underlying  this  type  of  infection  was  first  demonstrated 


Digitized  by  Google 


476  PATHOGENIC  MICROORGANISMS 

by  Van  Ennengem,'  in  1896,  and  named  Bacillus  botulinus.  Van 
Ermengem  isolated  the  bacillus  from  a  ham,  the  ingestion  of  which 
had  caused  disease  in  a  large  number  of  persons.  Of  the  thirty-four 
individuals  who  had  eaten  of  it,  all  were  attacked,  about  ten  of  them 
very  severely.  Van  Ermengem  found  the  bacilli  in  large  numbers  lying 
between  the  muscle  fibers  in  the  ham,  and  was  able  to  cultivate  the  same 
microorganism  from  the  stomach  and  spleen  of  one  of  those  who  died 
of  the  infection.  The  results  of  Van  Ermengem  have  been  ooDfirmed 
by  Romer,'  and  others, 

VLtaiibologs  uid  Stalninf. — Bacillus  botulinus  is  a  lai^,  str^ht  rod 
with  rounded  ends,  4  to  6  micra  in  length  by  0.9  to  1.2  micra  in  thickness. 
The  bacilli  are  either  single  or  grouped  in  very  short  chains.  Involu- 
tion forms  are  numerous  on  artificial  media.  The  bacillus  is  slightly 
motile  and  possesses  from  four  to  eight  undulated  flagella,  peripherally 
arranged.  Spores  are  formed  in  suitable  media,  most  regularly  in 
glucose-gelatin  of  a  distinctly  alkaline  titer.  The  spores  are  oval  and 
usually  situated  near  the  end  of  the  bacillus,  rarely  in  its  center.  Bpores 
are  formed  most  abundantly  when  cultivation  is  carried  out  at  20° 
to  25°  C,  and  axe  usually  absent  when  higher  temperatures  are  em- 
ployed. 

The  bacillus  is  eamly  stained  by  the  usual  aqueous  aniline  dyes,  and 
retuns  the  amlin-gentian-violet  when  stuned  by  Gram.  It  is  necessaiy, 
however,  in  carrying  out  Gram's  stwi  to  decolorize  carefully  with  alco- 
hol since  overdecolorization  is  easily  accomplished,  leaving  the  result 
doubtful. 

Cnltintlon. — The  bacillus  ]b  a  strict  anaerobe.  In  anaSrobic  en- 
vironment it  is  easily  cultivated  on  the  usual  meat-mfusion  media.  It 
grows  most  readily  at  temperatures  about  25°  C,  less  luxuriantly  at 
temperatures  of  35°  C.  and  over. 

The  bacillus  is  delicately  susceptible  to  the  reaction  of  media, 
growing  only  in  those  which  are  neutral  or  moderately  alkaline. 

In  deep  stab  cultures  in  one  per  cent  glucose  agar,  growth  is  at  first 
noticed  as  a  thin,  white  column,  not  reaching  to  the  surface  of  the 
medium.  Soon  the  medium  is  cracked  and  split  by  the  abundant 
formation  of  gas.  On  agar  plates,  the  colonies  are  yellowish,  opalescent, 
and  round,  and  show  a  finely  fringed  periphery. 

On  gelaUn,  at  20°  to  25°  C,  growth  is  rapid  and  abundant,  and 

'  Van  Ermenjem,  Cent.  f.  Bakt.,  xii,  1896;  Zeit  f.  Hyg.,  txvj,  1897. 
•  RSToer,  Cent.  f.  Balct,  xxvii.  190Q. 


Digitized  by  GOOJ^Ie 


BACILLUS  BOTUUNUS  477 

differs  little  frcnn  that  on  agar,  except  that,  besides  the  formation  of 
gas,  there  is  energetic  fiuidification  of  the  medium.  On  glucose-^latin 
plates,  Van  Enuei^em  describes  the  colonies  as  ro\md,  yellowish, 
transparent,  and  c<mipo6ed  of  coarse  granules  which,  along  the  periphery 
in  the  zone  of  flmdification,  show  constant  motion.  The  appearance  of 
the  surface  colonies  on  glucose-^latin  plates  is  regarded  by  the  discov- 
erer as  diagnostically  characteristic. 

In  glucose  broth  there  is  general  clouding  and  \&rge  quantities  of 
gas  are  formed.-  At  35°  C.  and  over,  the  gas  formation  ceases  after  four 
or  five  days,  the  broth  becoming-clear  with  a  yellowish-white  flocculent 
sediment.    At  lower  temperatures  this  does  not  occur. 

Miik  is  not  coagulated  and  dUaeckarids  and  polysaccharids  are  not 
fermented 

The  gas  formed  in  cultures  consists  chiefly  of  hydrogen  and  methane. 
All  cultures  have  a  sour  odor,  like  butyric  acid,  but  this  is  not  so  offensive 
as  that  of  some  of  the  other  anaerobic  organisms. 

The  bacillus  lives  longest  in  gelatin  cultures,  but  even  upon  these, 
transplantations  should  be  done  every  four  to  six  weeks,  since  the 
spores  of  this  bacillus  show  less  viability  and  resistance  than  do  thc^e  of 
moat  spore-formers. 

Patfaoceniei^. — Botulism,  or  allantiasis,  as  noticed  in  human  beings, 
is,  as  far  as  we  know,  always  due  to  ingestion  of  infected  meat,  usually 
of  ham,  camied  meats,  or  sausages  (botulus  »  sausage).  Symptoms 
appear  only  after  a  definite  period  of  incubation  which  varies  from 
twenty-four  to  fortyreight  hours.  The  first  definite  symptoms  are 
chilliness,  trembling,  and  giddiness.  These  manifestations  are  soon 
followed  by  headache,  occasionally  by  vomiting.  In  contradistinction 
to  the  meat  poisonings  caused  by  other  microorganisms,  those  due  to 
BadlluB  botulious  may  show  few  or  no  symptoms  directly  referable  to 
the  intestinal  tract.  The  chief  diagnostic  characteristics  of  the  disease 
are  a  group  of  symptoms  referable  to  toxic  interference  with  the  cranial 
nerves.  Loss  of  accommodation,  dilated  pupils,  ptosis,  aphonia,  and 
dysphagia  may  occur.  Fever  is  usually  absent.  Consciousness  b  rarely 
lost.  The  characteristic  symptoms  may  be  produced  in  various  animals 
by  injection  of  livii^  cultures  or  culture  filtrates,  i.e.,  toxins.  The  most 
susceptible  animals  are  guinea-pigs.  These  may  be  killed  by  the  injec- 
tion of  minute  quantities  of  bouillon  cultures  or  of  toxin.  Preceding 
death,  which  occurs  within  twenty-four  to  thirty-six  hours,  there  may 
be  general  motor  paralysis,  dyspnea,  and  hypersecretion  of  mucus  from 
nose  and  mouth.    Guineti-pigs  may  be  infected  per  os  as  welt  as  by 
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hypodermic  injections.  Cats,  mice,  and  monkeys  are  highly  ausceptiblo; 
rabbits  are  less  bo,  but  still  favorable  subjects  for  experimental  studies. 
Birds,  especially  pigeons,  are  highly  resistant,  but  react  typically  to 
large  doses.  Autopsies  upon  man  or  animals  dead  of  botulism  show 
general  hyperemia  of  the  oi^ans  with  much  parenchymatous  d^enera- 
tion  and  many  minute  hemorrhages. 

The  bacilli  have  been  found  in  the  spleen  after  death,'  but  Van 
Ermengem  does  not  believe  that  they  are  generally  distributed  during 
the  course  of  the  disease.  It  is  believed  by  most  of  those  who  have 
studied  this  disease  that  poisoning  in  tlie  human  subject  is  due  to  the 
toxins  preformed  and  ingested  within  the  infected  meat  by  this  bacillus. 
Experiments  have  shown  that  little  or  no  poison  is  produced  by  the 
bacilli  after  giunii^  entrance  to  the  human  or  unimal  body. 

Ttu  Todii  of  B-  tinfciiHnn«- — BaciUus  botulinus  produces  disease 
chiefly  by  means  of  a  strong  soluble  toxin  secreted  by  it,  and  absorbed 
by  the  infected  subject.  This  toxin  is  active  in  animals  and  presumably 
in  man,  not  only  when  injected  subcutaneously,  but  also  when  intro- 
duced through  the  gastrointestinal  canal.  The  poison  has  been  par- 
ticularly studied  by  Brieger  and  his  c<dlaborators.  It  is  obtained  in 
filtrates  of  alkaline  bouillon  cultures.  It  has  been  precipitated  out  of 
the  filtrate  by  Brieger  »id  Kempncr  *  by  means  of  a  three  per  cent  tine 
chlorid  solution  (2  volumes  of  3  per  cent  ZnCIj).  The  toxin  thus  ob- 
tained was  sufficiently  powerful  to  kill  a  250-gram  guinea-pig  m  fifty 
hours. 

Specific  action  of  the  toxin  for  the  nerve-cells  of  the  spinal  gac^ 
has  been  shown  by  Marinesco.*  A  specific  antitoxin  has  been  produced 
by  Kranpner  and  Pollack.* 

■  Slriehl,  Quoted  rrom  Van  Ermeneem,  in  Kolle  und  WaBaermann. 
^BriegtT  iind  Kempner,  Deut.  med.  Woch.,  xiudji,  1897. 

■  MarmesM,  Compt.  rend,  de  I'acad.  des  sci.,  Nov.,  1896. 
*  Kempner  und  Pollack,  Deut.  med.  Woch.,  ncxii,  1897. 
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CHAPTER    XXXIII 
THE  TUBERCLE  BACILLUS 

In  -view  of  the  clinical  manifestations  of  tuberculosis,  it  is  aot  sur- 
prising that  the  infectious  nature  of  the  disease  has  been  suspected  for 
many  centuries.  Even  Fracastor  had  remarkably  modem  ideas  concem- 
ing  its  transmission.  Inoculation  by  means  of  tuberculous  material  was 
first  successfully  accomplished  by  Klencke,  in  1843,  and,  more  elabo- 
rately, by  Viliemin,'  in  1865.  It  was  not  until  1882,  however,  that 
Koch '  succeeded  in  isolating  and  cultivating  the  tubercle  bacillus. 
Bamngartcn '  had  previouely  Been  the  bacillua  in  tissue  sections,  but  his 
researchea  were  limited  to  purely  morphological  observations.  Koch, 
in  addition  to  demonstrating  the  bacillua  in  tuberculous  tissues  from 
various  sources,  produced  characteristic  lesions  in  guinea-pigs  and  other 
animals  by  infecting  them  with  pure  cultures,  and  established  beyond 
doubt  the  etiological  relationship  of  the  bacillus  to  the  disease. 

Voifiwiogj. — ^Tubercle  bacilli  appear  as  slender  rods,  2  to  4  micra 
in  length,  0.2  to  0.5  micra  in  width.  Their  ends  are  usually  rounded. 
The  rods  may  be  straight  or  slightly  curved;  their  diameters  may  be 
uniform  throughout;  more  often,  however,  they  appear  beaded  and 
irregularly  stained.  The  beaded  appearance  is  due  to  different  causes. 
Unstained  spaces  may  occur  along  the  body  of  the  bacillus,  especially 
in  old  cultures.  These  are  generally  regarded  as  vacuoles.  The  bodies 
of  the  bacilli,  on  the  other  hand,  may  bulge  slightly  here  and  there,often 
in  three  or  four  places,  showing  oval  or  rounded  knobs  which  stain  with 
great  depth  and  are  very  resistant  to  decolorization.  These  thickenings 
were  formerly  regarded  as  spores,  but  in  view  of  the  fact  that  the  bacilli 
are  not  more  resistant  against  heat  and  disinfectaqts  than  other  vegeta- 
tive forms,  this  interpretation  is  probably  incorrect.  The  bacilli  are  saic' 
to  possess  a  cell  membrane  which  confers  upon  them  their  rosistanc 
against  dtyitig  and  entrance  of  stains.  This  membrane  gives  a  cellulosi 
reaction  and  is  believed  to  contain  most  of  the  waxy  substances  which 
can  be  extracted  from  the  cultures. 


■  ViOetnin,  Gaz.  hebdom..  1865. 

'Koch,  Beri.  klin.  Woch.,  1882;  Milt.  a.  d.  kais.  Geaimdheitsamt,  1 
1,  Virchow's  Arch.,  Ixxxii. 
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Various  observers,  notably  Nocard  and  Roux,'  Mafucci,*  and  'Slan* 
have  demonstrated  branched  forms  of  the  tubercle  bacillus.  These  ob- 
i-ervations,  variously  extended  and  confirmed,  make  it  probable  that 
Bacillus  tuberculosis  is  not  a  member  of  the  family  of  schizomyceto, 


.  '    0      ' 
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*    ^*jA^ 

Fio.  103, — Tubercle  Bacilu  m  Spdtdm. 

but  belongs  rather  to  the  higher  bacteria,  closely  related  to  the  ac^iw- 
myces. 

Stiining. — Tubercle  bacilli  do  not  stain  easily  with  the  ordinary 
anilin  dyes;  to  these  they  are  made  permeable  only  by  long  exposure 
or  by  heating  of  the  staining  solution.  Once  stained,  however,  the  dye 
IS  tenaciously  retained  in  spite  of  treatment  with  alcohol  and  strong 


'  Nocard  e 


Roux,  Ann.  de  I'inBt.  Pasteur,  1887. 
*  Klein.  Cent.  f.  Bakt.,  11 


»  Ma^ucd,  Zeit.  f.  Hyg.,  B- 
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acids.  For  this  reason,  this  bacillus,  together  with  some  other  bacteria 
to  be  mentioned  later,  is  spoken  of  as  "  acid-fast."  The  acid-fast  nature 
of  the  bacillus  seems  to  depend  upoa  the  fatty  substances  contained  in 
it,*  and  has  furnished  the  basis  for  differential  staining  methods.  All 
the  staining  methods  devised  for  the  recognition  of  the  tubercle  bacillus 
thus  depend  upon  the  use  of  an  intensely  penetrating  staining  solution, 
followed  by  vigorous  decolorization  which  deprives  all  but  the  acid-fast 
group  of  their  color.  Counterstains  of  any  of  the  weaker  dyes  may 
then  be  used  to  stain  the  decolorized  elements.  One  of  the  first  of  the 
attuning  solutions  to  be  of  practical  use  was  the  anilin-water-gentian- 
violet  solution  of  Ehrhch'  (11  c.c.  saturated  alcoholic  gentian-violet 
to  S9  c.c.  5  per  cent  anilin  water).  This  dye,  aHhough  of  sufficient 
penetrating  power,  has  the  disadvantage  of  deteriorating  rapidly  and 
has  in  practice  been  almost  entirely  displaced  by  Ziehl's '  carbol-fuchsin 
Bolution.  (Fuchsin  1  gm.  in  10  c.c.  alcohol  absolute,  added  to  90  cc. 
5  per  cent  carbolic.)  This  staining  solution  is  the  one  now  in 
general  use'  and  is  employed  as  follows:  Thin  smears,  on  slides 
or  cover-slips,  are  covered  with  the  dye  and  gently  heated.  In 
the  case  of  cover-glasses,  these  may  be  floated,  face  downward, 
in  staining  dishes  filled  with  the  dye.  The  dye  is  allowed  to  act 
for  about  three  minutes,  steammg  but  not  allowed  to  boil.  At  the 
end  of  this  time  the  preparation  is  washed  either  with  5  per  cent 
nitric  acid,  5  to  20  per  cent  sulphuric  acid,  or  1  per  cent  hydro- 
chloric acid,  until  most  of  the  red  color  has  diBt^peared  (a  few 
seconds),  and  the  preparation  ^pears  pale  pink.  This  results  in 
decolorization  of  all  microoi^anisms  with  the  exception  of  members 
of  the  acid-fast  group.  Thorough  washing  in  80  to  95  per  cent  alcohol 
is  now  employed  to  complete  the  decolorization.  The  preparation 
is  th»i  rinsed  in  water  and  counterstained  with  1  per  cent  aqueous 
methylene-blue. 

Tubercle-bacillus  staining  has  been  further  simplified  by  Gabbett,* 
who  combines  decolorization  and  counterstaining.  In  this  method 
preparations  are  stained  with  Ziehl's  carbol-fuchsin  as  in  the  preceding; 
they  are  then  rinsed  in  water  and  covered  with  a  solution  containing 
methylene-blue  1  gram,  concentrated  sulphuric  acid  25  grams,  and 
distilled  water  100  c.c.      This  is  allowed  to  act  for  from  two  to  four 

1  Bitnetodc,  Fort.  d.  Med.,  1S86;   Weyl,  Deut.  med.  Woch.,  1891. 

■  EkrlvA,  Deut.  med.  Woch.,  1882;  Weigert,  Deut.  med.  Woch.,  1885. 

•  ZiM,  Deut.  med.  Woeh.,  1883;  Netiaen,  "  Lefarb.  d.  Mg.  Path.,"  1894 

•  OoMett,  Uawet,  1887, 
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minutes,  at  the  end  of  which  time  all  elements  in  the  preparation  except 
the  acid-fast  bacilli  will  be  decolorized  and  counterstained. 

Tubercle  bacilli  in  very  young  culture  are  often  not  acid-fast  and  it 
is  not  always  possible  to  demonstrate  acid-fast  bacilli  in  pus  from  cold 
abscesses  in  sputum,  in  serous  exudates,  and  in  granulomatous  lesions 
of  the  lymph  nodes  which  can  be  shown  by  animal  inoculation  to  be 
tuberculous.  Much '  demonstrated  in  such  material  Gram-positive 
granules  which  lay  singly  in  short  chains  or  in  irr^;ular  clumps,  and 
which  he  believed  to  be  noh-acid-fast  tubercle  bacilli.  He  found  similar 
granules  in  cultures  of  tubercle  beicilli  which  showed  on  further  incuba- 
tion numerous  acid-fast  bacillary  forma.  His  work  has  been  repeatedly 
confirmed,  and  there'  seems  little  doubt  but  that  these  granules  are  really 
tubercle  bacilli.  Their  demonstration  is  not,  however,  of  great  diag- 
nostic value,  as  other  bacilli  form  granules  of  the  same  appearance. 
Small  rods  and  splinters  are  also  found  which  stain  by  Gram's  method, 
but  not  by  carbol-fuchsin.* 

To  find  "Much's  granules,"  smears  or  sections  are  steamed  in  a 
solution  of  methyl  violet  B.N.  (10  c.c.  of  saturated  alcoholic  solution 
of  the  dye  in  100  c.c.  of  distilled  water  containing  2  per  cent  phenol). 
They  are  then  treated  with  Gram's  iodine  solution  1-5  minutes;  5  per 
cent  nitric  acid  1  minute;  3  per  cent  hydrochloric  acid  10  seconds;  ab- 
solute alcohol  and  acetone  equal  parts,  until  decolorized.  The  granules 
may  be  stuned  by  other  modifications  of  Gram's  method.  Weiss' 
has  devised  a  combination  stain.  One  part  of  Much's  methyl  violet 
is  mixed  with  three  parts  of  Ziehl's  carbol-fuchsin  and  filtered;  slides 
are  stuned  for  24  to  48  hours  in  the  mixture.  They  are  then  decolorized 
as  in  Much's  method  and  counterst^ed  with  Bismarck  brown  or 
safranin  1  per  cent.  Both  acid-fast  and  Gram-po^tive  forms  are 
stoned  by  this  method  and  in  the  red  may  be  seen  blue-black  granules. 

While  the  acid-fast  group  of  bacteria  is  composed  of  a  number  of 
organisms  to  be  mentioned  later,  a  few  only  of  these  offer  difficulties  of 
differentiation  from  the  tubercle  bacillus.  Those  to  be  conradered 
practically  are  the  bacillus  of  leprosy  and  that  of  smegma.  The  latter 
bacillus,  because  of  its  distribution,  is  not  infrequently  found  to  con- 
taminate feces,  urine,  or  even  sputum,  and  it  is  important  to  apply  to 
suspected  specimens  one  or  the  other  of  the  stains  devised  for  the 
differentiation  of  the  smegma  bacillus  from  Bacillus  tuberculosis.     The 

» Much,  Berl.  klin.  Woch.,  1008,  xlv,  700. 

'  LUbermaiter,  Deutache  med.  Woch.,  1909,  xxxv,  1324, 

» WeUa,  Berl.  kiin.  Woch.,  1909,  xlvi,  1797. 
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■  one  most  frequently  employed  is  that  of  Pappenheim.'  The  preparations 
are  stained  in  hot  carbol-fuchsin  aa  before;  the  carboi-fuchsin  is  then 
poured  off  without  washing  and  the  preparation  immersed  in  a  solution 
made  by  saturating  a  1  per  cent  alcoholic  solutiofi  of  rosolic  acid  with 
methylene-blue  and  adding  20  per  cent  of  glycerin.  In  such  prepara- 
tions tubercle  bacilli  remain  red,  smegma  bacilli  appear  blue. 

Stained  by  Gram,  tubercle  bacilli  retain  the  gentian-violet. 

When  tubercle  bacilli  are  very  sparsely  present  in  sputum  and 
other  material  it  may  be  impossible  to  find  them  by  direct  examination, 
and  often  the  only  method  of  finding  them  will  be  animal  inoculation. 
However,  a  number  of  methods  have  been  devised  by  which  the  bacilli 
may  be  concentrated  in  such  a  way  that  they  may  be  found  even  when 
a  few  only  are  present.  One  of  these  is  to  add  peroxide  of  hydn^en  to 
the  sputum.  By  this  the  mucus  is  dissolved  out  and  the  solid  particles 
settle  or  may  be  centrifugalized.  A  method  very  commonly  employed 
to-day  is  that  which  depends  on  the  use  of  "antiformin."  This  is  a 
preparation  used  extensively  for  the  cleansing  of  vats  in  breweries. 
It  is  described  by  Rosenau  ^  as  consisting  of  equal  parts  of  liquor  sods 
chlorinatx  and  a  15  per  cent  solution  of  caustic  soda.  The  formula  for 
liquor  sodse  chlorinate  he  gives  as: 

Sodium  oaibonate 600 

Chlorinated  lime 400 

Distilled  water 4,000 

If  sputum  is  poured  into  a  10  to  15  per  cent  solution  of  antiformin 
and  allowed  to  stand  for  several  hours,  most  of  the  other  elements  of 
the  sputum,  cells,  and  bacteria,  will  dissolve  out,  and  acid-fast  bacilli 
be  left  in  the  residue.  Strangely  enough  they  are  not  killed  by  this 
process  and  if  sufficiently  washed  may  be  cultivated  or  can  produce 
lesions  in  guinea-pigs. 

Isolation  and  CuItiTation. — ^Tubercle  bacilli  are  not  ea^ly  cultivated. 
Their  slowness  of  growth  precludes  isolation  by  plating.  The  first  isola- 
tions by  Koch  *  were  made  upon  coagulated  blood  serum  from  tuber- 
culous tissue. 

Isolation  from  tuberculous  material  may  be  aided  by  inoculation 
into  guinea-pigs.     These  animals  will  withstand  the  acute  infection 

'  Pappenheim,  Berl.  klin.  Woch.,  1898. 

'Rosenau,   "Preventive   Medicine  and  Hygiene,"   D.  Appleton,   N.   Y.,   1913; 
Uhknhulh,  Berl.  klin.  Woch.,  No.  29,  1908- 
•  KoiA,  ioc.  cit. 
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produced  by  tbe  contaminating  organisms  and  succumb  later  (four  to  ■ 
six  weeks)  to  tuberculosis.  The  bacilli  may  then  be  obtained  by  culti- 
vations from  lymph  nodes  or  other  foci  which  contain  only  tubercle 
bacilli.  When  isolation  from  sputum  is  attempted,  whether  directly 
or  by  means  of  animal  inoculation,  the  sputum  may  be  rendered  com- 
paratively free  from  contaminating  bacteria  by  washing.  The  sputum 
is  rinsed  in  running  water  to  free  it  from  pharyngeal  mucus.  It  is  then 
washed  in  eight  or  ten  changes  of  sterile  water.  The  material  selected 
is  taken  from  the  center  of  the  washed  mass,  if  possible  from  the  flakes 
of  caseous  material  visible  in  such  sputum. 

For  the  isolation  of  tubercle  bacilli  from  sputum  and  other  materials  in 
which  contaminating  bacteria  of  other  species  are  present,  Petrod '  has  devised 
an  excellent  method  which  has  been  tried  out  and  used  with  success  in  our 
laboratory  by  Dr.  H.  R.  Miller.  The  principles  on  which  Petrofi's  method 
rests  are,  first  of  all,  the  bactericidal  power  of  3%  sodium  hydroxid  on  non- 
acid'fast  bacteria,  and  the  selective  action  of  dyes  like  gentian  violet  on  bac- 
terial growth,  as  first  practically  utilized  by  Churchman  (See  page  140). 

The  medium  used  by  Petroff  is  made  as  follows: 

I.  Metd  Juice.  500  grams  of  beef  or  veal  are  infused  in  500  c.c.  of  a  15% 
solution  of  glycerin  in  water,  in  a  cool  place.  After  24  hours  the  meat  is  squecEed 
in  a  sterile  press  and  the  infusion  collected  in  a  sterile  beaker. 

II.  Eggs.  The  shells  fA  the  eg^  are  sterilited  by  10  minute  immerdon  in 
70%  alcohol.  They  are  broken  into  a  sterile  beaker,  well  mixed  and  filtered 
throu^  sterile  gauze.  One  part  of  meat  juice  is  added  to  two  parte  of  egg  by 
volume. 

III.  Getdian  VioUi.  1%  alcohoUc  solution  of  gentian  violet  is  added  to 
make  a  final  proportion  of  1  :  10,000. 

The  three  ingredients  are  well  mixed.  The  medium  is  tubed  and  inspisBated 
as  usual. 

PetrofF  recommends  for  sputum  the  foQowing  technique:  Equal  parts  of 
sputum  and  3%  sodium  hydroxid  are  shaken  and  incubated  at  38°  C.  for  15  to  30 
minutes,  the  time  depending  on  the  conastcncy  of  the  sputum.  The  mixture 
is  neutralized  to  litmus  with  hydrochloric  acid  and  centrifi^alized.  The  sedi- 
ment ia  inoculated  into  tbe  medium  described  above.  Pure  cultures  are  ob- 
tained in  a  large  proportion  of  cases. 

Petroff's  method  has  been  applied  by  him  to  feces,  in  which  the  problnn 
is  made  more  difficult  by  the  presence  of  many  spore^onners  which  resist 
sodium  hydroxid.  Feces  ia  collected  and  diluted  with  three  volumes  of  water, 
and  then  filtered  throuidi  several  thickneaaea  of  gauze.  The  filtrate  ia  satu- 
rated with  sodium  chlorid  and  left  for  half  an  hour.    The  floating  film  of  bao- 

'  Pelroff,  Johns  Hopkins  Hosp.  Bull.,  vol.  xxvi,  No.  294,  August,  191S,  p.  270, 
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ieria  ia  collected  in  a  wide-mouthed  bottle  and  an  equal  volume  of  oonnal 
sodium  hydroxid  is  added.  This  is  shaken  and  left  in  the  incubator  for  three 
hours,  shaking  every  half  hour.  It  is  then  neutralized  to  litmus  with  nonnal 
hydrochloric,  centrifugalized,  and  the  sediment  planted. 

On  blood  serum  at  37.5°  C,  colonies  become  visible  at  the  end  of 
^ght  to  fourteen  days.  They  appear -as  small,  dry,  scaly  spots  with 
corrugated  surfaces.  After  tbree  or  four  weeks,  these  join,  covering 
the  surface  as  a  dry,  whitish,  wrinkled  membrane.  Coagulated  dog 
serum  is  regarded  by  Theobald  Smith  '  as  a  favorable  media  for  the 
growth  of  tubercle  bacilli. 

Slants  of  agto',  to  which  whale  rabbits  Uood  has  been  added  in  quan- 
tities of  from  1  to  2  c.c.  to  each  tube,  make  an  excellent  medium. 

Cultivation  methods  were  simplified  by  the  discovery  by  Koux  and 
Nocard  that  glycerin  facilitates  cultivation.  Upon  glycerin-agar  (gly- 
cerin 3  to  6  per  cent),  at  37.5"  C,  colonies  become  visible  at  the  end  of 
from  ten  days  to  two  weeks. 

Glycerin  bouillon  (made  of  beef  or  veal  with  pepton  1%,  glycerin  six 
per  cent,  slightly  alkaline)  Is  a  favorable  medium.  It  should  be  filled, 
in  shallow  layers,  into  wide-mouthed  fiasks,  since  oxygen  is  essential. 
Transplants  to  this  medium  should  be  made  by  carefully  floating  flakes 
of  the  culture  upon  the  surface.  In  this  medium  the  bacilli  will  spread 
out  upon  the  surface,  at  first  as  a  thin,  opaque,  floating  membrane. 
This  rapidly  thickens  into  a  white,  wrinkled,  or  granular  layer,  spreading 
over  the  entire  surface  of  the  fluid  in  from  four  to  six  weeks.  Later, 
portions  of  the  membrane  sink.  In  old  cultures,  the  membrane  becomes 
yellowish.    These  cultures  emit  a  peculiar  aromatic  odor. 

Glycerin  potato  forms  a  favorable  culture  medium  for  the  bacillus. 

Hesse  *  has  devised  a  medium  cont^ning  a  proprietary  preparation 
known  as  "Nahrstoff  Heyden,"  upon  which  tubercle  bacilli  are  said  to 
proliferate  more  rapidly  than  other  bacteria.  His  method  has  yielded 
excellent  results.    It  is  prepared  as  follows: 

"Nfthrstoft  Heyden"' 10  grama 

Sodium  chlotid 6      " 

Glycerin 30      " 

Agar 10      " 

Normal  sodium  aohition 6  c.c.  - 

Aq.  dest 1,000   " 

'  Tk.  Smilh,  Jour.  Exp.  Mod.,  iii,  1898. 

*  ff«Me,  Zeit.  f.  Hyg.,  xxxi.  '  "N&hntoff  Heydra"  is  prepared  in  Germany. 

It  is  a  whita  powder  similar  to  nutrose. 
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Biological  Consldentiom. — The  tubercle  bacillus  is  dependent  upon 
the  access  of  oxygen.  Its  optimum  temperature  is  37.5°  C.  Tem- 
peratures below  30°  and  above  42°  C.  inhibit  its  growth.  In  fluid  media, 
the  bacilU  are  killed  by  SC  in  fifteen  to  twenty  minutes,  by  80°  in  five 
minutes,  by  90°  in  one  to  two  min- 
utes. They  will  withstand  dry  heat 
at  100"  C  for  one  hour.  They  are 
resistant  to  cold.  The  comparatively 
high  powers  of  rcsbtance  of  the  bacil- 
lus are  attributed  to  the  protective 
qualities  of  the  waxy  cell  membrane' 
The  life  of  cultures,  kept  in  favor- 
able environment,  is  from  two  to  eight 
months,  varying  to  some  extent  with 
the  nature  of  the  culture  medium. 
The  viability  of  the  bacilli  in  sputum 
is  of  great  hygienic  importance.  In 
most  sputum  they  may  remain  alive 
and  virulent  for  as  long  as  six  weeks, 
m  dried  sputum  for  more  than  two 
months.* 

Five  per  cent  carbolic  acid  kills 
the  bacilli  in  a  few  minutes.'  Used 
for  sputum  disinfection,  where  the 
bacilli  are  protected,  complete  disin- 
fection requires  five  to  six  hours.  Bi- 
chloride of  mercury  is  not  very  efficient 
for  sputum  because  of  the  formation 
of  albuminate  of  mercury.  For  room 
disinfection,  formaldehyde  gas  b  efficient.  Direct  sunlight  kills  in 
a  few  hours. 

Pathogenicity. — The  tubercle  bacillus  pves  rise  in  man  and  suscep- 
tible animals  to  specific  inflammation  which  is  so  characteristic  that  a 
diagnosis  of  tuberculosis  may  be  made  by  histological  examination, 
even  without  the  finding  of  tubercle  bacilli.  The  foci  known 
as  tubercles  have  been  studied  by  Baumgarten  *  and  many  others 

'  Th.  Smith,  Jour.  Exper.  Med.,  1896;  Grancher  et  Ledoux-Lebard,  Arch,  de  ta6d. 
exjMir.,  1892;  Gaiturr,  Compt.  rend,  de  I'acad.  des  sci.,  1887. 
'  Scketl  und  Fi»chrT,  Mitt.  a.  d.  kais.  Gesundheitaamt,  1S84. 
'  De  Toma,  Ann.  di  med.,  1886.  •  Bavmgarien,  Berl.  klin.  Woch.,  1901. 
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and  descriptions  may  be  found  in  any  text-book  of  pathological 
anatomy. 

In  man,  tuberculosis  is  the  moat  common  of  diseases.  Naegeli's  sta- 
tistics, based  on  a  large  series  of  autopsies,  show  not  only  the  frequency 
of  the  disease,  but  its  relation  to  age.  Before  one  year  of  age,  he  finds  it 
very  rare.  From  the  first  to  the  fifth  year  it  is  rare,  but  usually  fatal. 
From  the  fifth  to  the  fourteenth  year,  one-third  of  his  cases  showed 
tuberculosis;  from  the  fourteenth  to  the  eighteenth  year,,  one-half  of 
the  caaea.  Between  eighteen  and  thirty,  alraoat  all  the  cases  examined 
ahowed  some  trace  of  tuberculous  infection.  Three-quarters  of  these 
were  active,  one-quarter  healed.  Two-fifths  of  all  deaths  occurring  at 
these  ages  were  due  to  tuberculosis.  After  the  age  of  thirty,  active 
lesions  gradually  diminished,  healed  lesions  increased. 

In  1900  Pryor  '■  stated  that  the  average  yearly  mortality  froin 
tuberculosis  in  New  York  amounted  to  6,000,  and  that-  in  Manhattan 
alone  there  were  constantly  20,000  tuberculous  persons.  Comet '  esti- 
mates that  in  1894  the  deaths  in  Germany  from  all  other  infectious 
diseases  amounted  to  116,705,  those  from  tuberculoais  alone  to  123,904. 
Similar  statistics  might  be  chosen  from  the  health  reports  of  any  large 
city.  While  the  disease  b  less  common  in  rural  districts  than  in  large 
towns,  the  difference  b  not  so  striking  as  b  generally  supposed. 

In  man,  pulmonary  infection  b  the  commonest  type.  Besides  thb, 
tuberculous  processes  may  be  found  in  the  skin,  the  bones,  the  joints, 
the  organs  of  special  sense,  and  the  abdominal  viscera  and  peritoneum- 
No  part  of  the  human  trody  b  exempt  from  the  danger  of  infection. 

Infection  in  man  may  take  place  by  inhalation,  throi^h  the  skin 
or  the  digestive  apparatus.  V.  Behring '  has  expressed  the  belief  that 
a  large  percentage  of  all  cases  of  tuberculosis  originate  in  childhood 
from  infection  through  the  intestinal  tract.  He  determined  that 
tutwrcle  bacilli  may  penetrate  the  intestinal  mucosa  without  causing 
lesions.  Behring's  contention  has  caused  a  great  deal  of  dbcussion, 
and  the  question  he  has  raised  is  intimately  lx)und  up  with  the  problem 
of  the  virulence  of  bovine  tubercle  bacilli  for  human  beings,  as  he  as- 
sumes that  the  infection  is  due  to  the  use  of  infected  milk. 

The  problem  is  plainly  of  the  greatest  importance,  and  for  this 
reason  has  been  diligently  investigated  during  the  last  few  years.  The 
aoiy  reliable  method  of  approaching  it  has  been  to  isolate  the  tubercle 

»  Pryor,  Med.  News,  Ixxvii,  1900. 

^Comtl,  "DieTubercuIoae,"  Wien,  1899,  p.  1. 

*  p.  Behring,  Deut.  med.  Woch.,  3S,  1903. 
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bacilli  from  diseased  human  beii^  and  determine  for  each  case  whether 
the  guilty  organism  belonged  to  the  hmnan  or  bovine  type.  These 
types  can  be  differentiated  definitely  by  cultural  cbaracterbtics  and 
pathogenicity,  and  it  is  not  likely  that  the  type  changes  during  the 
sojourn  in  the  human  body.  Granted  this  permanence  of  type,  it  is 
naturally  of  much  value  in  revealing  the  source  of  an  infection,  to  de* 


CouBiNBD  Tabulation',  Cases  Reported  and  Own  Series  q 
(From  Park  and  Krumwiede,  toe.  cil.) 
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- 
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Totals 

Mixed  or  double  infectJODB,  4  cases. 

termine  whether  or  not  a  human  being  is  harboring  a  bacillus  of  the 
human  type  or  one  of  the  bovine  type. 

One  of  the  most  valuable  contributions  made  to  this  problem  during 
the  last  three  years  b  that  of  Park  and  Krumwiede.'  The  above 
tabulation  is  taken  from  their  paper  and  represents  a  summary  of  th^ 
own  cases  and  those  reported  by  others. 


I  Fork  and  Kramwiede,  Jour,  of  Med.  Kcs.,  Oct.,  1910, 
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From  this  table  it  is  evident  that  out  of  a  total  of  1,042  cases,  101 
only  were  bovine  in  origin  and  over  50  per  cent  of  these  occurred  in 
children  under  five  years  of  i^e.  Fifty-one  out  of  the  59  cases  occurring 
in  the  161  infante  were  directly  or  indirectly  traced  to  alimentary  in- 
fection. 

It  seems  reasonably  accurate,  therefore,  to  state  the  case  as  follows: 
Human  adulte  are  relatively  insusceptible  to  bovine  infection.  Such 
infection  can  take  place,  but  is  unusual.  Below  16  years  of  age;  the 
human  race  is  relatively  more  susceptible  and  up  to  this  age  the  danger 
of  milk  infection  is  unquestionably  great,  this  source  accounting  for 
about  one-third  of  the  cases.  Below  5  years  the  dai^er  is  greatest. 
This  table  alone  should  form  sufficient  evidence  to  silence  absolutely 
any  doubts  as  to  the  dangers  of  milk  infection  and  remove  any  objections 
to  the  most  rigid  sanitary  control  of  milk  supplies. 

On  the  other  hand,  it  also  shows  that  Behring's  original  claims  were 
far  (oo  sweeping  and  can  not  be  upheld. 

Rosenberger '  has  recently  reported  finding  tubercle  bacilli  in  the 
circulstii^  blood  of  all  cases  of  human  tuberculosis  which  he  examined. 
This  announcement  aroused  much  interest  and  has  led  to  many  investi- 
gations by  other  workers.  Rosenberger's  results  were  obtained  by  mor- 
phological examination  of  smears  of  citrated  blood  taken  from  the 
patients,  dried  upon  slides  and  laked  with  distilled  water.  Many  other 
observers  have  failed  to  confirm  Rosenbei^r's  results.  Anderson  *  ex- 
amined 47  cases  in  which  tubercle  bacilli  were  found  in  the  sputum  and  one 
case  of  joint  tutterculo^.  In  none  of  these  48  cases  was  he  able  to  obttun 
tubercle  bacilli,  dther  by  morphological  examination  nor  by  guinea-pig 
inoculation.  Brem  *  subsequently  found  that  laboratory  distilled  water 
may  frequently  contain  acid-fast  saprophytes — a  fact  which  may 
account  in  many  cases  for  errors  when  morpholt^cal  examination  alone 
is  relied  upon  and  blood  examined  by  the  techiuque  of  Rosenberger. 
This,  too,  is  suggested  by  the  finding  of  acid-fast  bacilli  in  the  blood  of 
perfectly  healthy  individuals.  Therefore,  although  the  bacilli  may  be 
present  in  the  blood  in  a  certain  number  of  cases  it  does  not  seem  likely 
that  they  are  so  distributed  in  anything  like  the  high  percentages  found 
by  Rosenberger.^ 

Bacillus  tuberculous  (typus  humanus)  is  pathogenic  for  guinea- 

■  Rosenberger,  Am.  Jour,  of  Med.  Sc.,  cxxxvii,  1909. 

■  Anderton,  V.  S.  P.  H.  Service,  Hygienic  Lab.,  BulL  57,  1909. 

■  Brem,  Jour.  A,  M.  A.,  liii,  1909. 

*  Svsuki  aod  Takaki,  Centralbl.  t.  Bakt.,  Ixi,  1911. 
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pigs,  leas  markedly  for  rabbit*,  and  still  leaa  so  for  dogs.  It  is 
sjghtly  pathogenic  for  cattle,  a  question  spoken  of  more  extensively 
below. 

Chemical  AnalTsis  of  Tubercle  Bacilli.' — Diligent  efforts  by  many 
investigators  to  isolate  the  specific  toxins  which  lend  tul)erclc  bacilli 
their  pathogenic  properties  have  led  to  careful  chemical  analysis  of  the 
orgiuiisms.  About  85,9  per  cent  of  the  bacillus  consists  of  water;  20 
to  26  per  cent  of  the  residue  can  be  extracted  with  ether  and  alcohol. 
This  material  consists  of  fatty  acids  and  waxy  substances  (fatty  acids 
in  combination  with  the  higher  alcohols).  The  residue  after  alcohol- 
ether  extraction  is  composed  chiefly  of  proteids.  These  can  be  extracted 
with  dilute  alkaline  solutions,  and  consist  chiefly  of  nucleo-atbumins. 
A  nuclein  present  in  this  fraction  shows  extremely  high  toxicity  an<l 
has,*  therefore,  been  suspected  of  being  the  pathogenic  principle  of  the 
bacillus.  After  these  extractions  the  remainder  contains  "cellulose," 
supposed  to  represent  the  framework  of  the  cell  membrane,  and  an  ash 
rich  in  calcium  and  magnesium. 

Tozim  of  the  Tubercle  Bacillus. — The  Tuberculins. — Filtrates  of 
bouillon  cultures  of  Bacillus  tuberculosis*  will  occasionally  produce 
slight  emaciation  when  injected  into  guinea-pigs,  and  when  administered 
to  tuberculous  subjects  in  sufficient  quantity  will  give  rise  to  marked 
increase  of  temperature.  It  is  likely,  therefore,  that  the  tubercle 
bacillus  actually  secretes  a  soluble  toxin.* 

The  chief  toxic  principles,  however,  of  Bacillus  tuberculous  are 
probably  endotoxins  or  bacterial  proteins,  bound  during  cell  life  to  the 
body  of  the  bacillus.  Dead  bacilli  will  produce  sterile' abscesses  when 
injected  into  animals.  Prudden  and  Hodenpyl,'  Straus  and  Gamaleia,* 
and  others,^  moreover,  have  shown  that  the  injection  of  dead  and  care- 
fully washed  cultures  of  this  bacillus  will  produce  lesions  histologi- 
cally similar  to  those'  occurring  after  infection  with  the  living  germs, 
and  will  often  lead  to  miUBsmus  and  other  systemic  symptoms  of 
iwisoning. 

The  hope  of  actively  immunizing  with  substances  obtained  from 

^  Hammerscldag.  Cent.  f.  klin.  Med.,  1891;  Weyl,  Deut.  med,  Woch.,  1891;  De 
Schweiniiz  and  Dorael,  Jour.  Amer.  Chem.  Soc.,  1895;  Hamtnerachlag,  loc.  cit. 
<  Bekring,  Berl.  Uin.  Woch.,  1899. 
'  Straua  and  Gamaleia,  Arch,  infd,  exp.,  1891. 
'  Deny»,  "Le  Bouillon  FUtrt,"  Louv&in,  1905. 

•  Prvdden  and  Hodenpyl,  N.  Y.  Med.  Jour.,  June,  1891 ;  Pmdden,  ibid.,  Dec.  5, 
'  Siraiu  and  Gamaleia,  lac.  cit. 
'  Mafucd,  Cent.  f.  allg.  Path.,  1890. 
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dead  bacilU  led  Koch  to  employ  various  methods  of  extraction  of  cultures 
for  the  manufacture  of  tuberculin. 

"Old  Tvberculin"^  (Koch)  ("T.A.K.")-— The  first  tuberculin  made  by 
Koch  is  produced  in  the  .following  manner:  Tubercle  bacilli  are  grown 
in  slightly  alkaline  5  per  cent  glycerin-pepton  bouillon  for  six  to  eight 
weeks.  At  the  end  of  this  time,  growth  ceases  and  the  corrugated 
pellicle  of  tubercle  bacilli,  which  during  growth  has  floated  on  the 
surface,  b^^ins,  here  and  there,  to  sink  to  the  bottom.  The  entire 
culture  is  then  heated  on  a  water-bath  at  about  80°  C,  until  reduced  to 
one-tenth  of  its  ori^nal  volume.  It  is  then  Altered  either  through 
sterile  filter  paper  or  through  porcelain  filters.  The  resulting  filtrate  is 
a  rich  brown,  syrupy  fluid,  containing  the  elements  of  the  ori^nal  cul- 
ture medium  and  a  50  per  cent  glycerin  extract  of  the  tubercle  bacilli. 
While  the  glycerin  is  of  suiScient  concentration  to  preserve  it  indef- 
initely, 0.5  per  cent  phenol  may  be  added  as  an  additional  precaution. 
Dilutions  of  this  fluid  are  used  for  diagnostic  and  therapeutic  purposes. 

'•  New  Tuberculin"  '  (Koch)  (TA,  TO,  TR).— Koch  beUeved  that 
the  immunity  resultii^  from  treatment  with  the  old  tuberculin  was 
purely  an  antitoxic  immunity,  devoid  of  all  antibacterial  action.  The 
use  of  whole  dead  tubercle  bacilli  for  immunization  purpoeee,  however, 
was  impracticable;  because,  injected  subcutaneously,  they  were  not 
absorbed,  and  introduced  intravenously  they  were  deposited  in  the  lungs 
and  gave  rise  to  lesions.  Koch  was  led,  therefore,  to  resort  to  more 
energetic  extraction  of  the  bacilU  in  the  hope  of  procuring  a  substance 
which  could  be  easily  absorbed  and  would  at  the  same  time  ^ve  rise, 
when  injected,  to  antibodies  more  definitely  bactericidal.  By  extract- 
ing tuberole  bacilli  with  decinormal  NaOH,  for  three  dajf^,  filtering 
through  paper  and  neutralizii^,  he  obtained  his  TA  (alkaline  tubercu- 
hn).  This  preparation  seemed  to  fulfil  some  of  the  hopes  of  its  dis- 
coverer, but  had  the  disadvantage  of  often  producing  absces.ses  at  the 
points  of  injection.  Koch  then  resorted  to  mechanical  trituration  of 
the  bacilli.  The  method  he  subsequently  followed  for  tuberculin  pro- 
duction is  now  extensively  used,  and  is  carried  out  as  follows: ' 

Virulent  cultures  of  tubercle  bacilli  are  dried  in  vacuo  and  thoroughly 
ground  in  a  mortar.  Grindii^  is  continued  until  stained  preparations 
reveal  no  intact  bacilli.  (This  is  done  by  machinery  in  all  large  manu- 
factories.) One  gram  of  the  dry  mass  is  shaken  up  in  100  c.c.  of  sterile 
distilled  water.     This  mixture  is  then  centrifugalized  at  high  speed. 

'  Koch,  Cent.  t.  Bakt.,  1890;  Deut,  meet.  Woch.,  1891. 

'  A'ot/'i,  Deut.  tried.  Woch.,  14,  1897,  *  Rapptt,  Lancet,  March  28,  1908. 
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The  supernatant  fluid,  known  as  TO  (Tuberculin-Oberecliicht),  cont^ns 
the  water-soluble  constituents  of  the  bacillus,  gives  no  precipitate  on 
the  addition  of  50  per  cent  glycerin,  and  has  the  same  physiol«^cal 
action  as  the  old  tuberculin.  The  residue  TR  (TubercuUn-Rilckstand) , 
after  pouring  off  TO,  is  again  dried  and  ground  up,  and  again  shaken  in 
water  and  centrifugalized.  This  process  is  repeated  several  times, 
and  eventually,  after  three  or  four  repetitions,  all  the  TR  goes  into 
emulsion.  The  total  volume  of  water  used  for  these  TR  extractions 
should  not  exceed  100  c.c.  All  of  the  TR  emulsions  are  then  mixed  to- 
gether. This  gives  TR  a  precipitate  with  50  per  cent  of  glycerin,  and  is 
supposed  by  Koch  to  contain  substances  important  in  producing  an 
antibacterial  immunity.  For  purposes  of  standardization,  the  amount 
of  solid  substance  in  5  c.c.  of  the  TR  is  determined  by  evaporation  in 
vacuo  and  drying.  To  the  rest  are  added  a  little  glycerin  and  formalde- 
hyde and  enough  water  to  allow  each  cubic  centimeter  of  the  solution 
to  contain  0.002  grams  of  solid  material.  Thus  the  culture  and  the 
medium  r^naining  the  same,  fairly  accurate  standardization  is  possible. 

"New  Tvberctdin-BaciilaTy  Emidsion." ' — In  1901,  Koch  combined 
"TO"  and  "TR"  by  putting  forth  a  preparation  referred  to  as 
"Bazillenemulsion."  This  consists  of  an  emulsion  of  pulverized  bacilli 
1  :  100  in  distilled  water.  After  several  days  of  sedimentation  to  re- 
move the  coarser  particles,  the  supernatant  fluid  is  poured  off  and  fifty 
per  cent  volume  of  glycerin  is  added  to  it  for  purposes  of  preservation. 
This  preparation  contains  5  milligrams  of  solid  substance  in  each  cubic 
centimeter. 

Bouillon  Filtri  (Denys).^ — This  preparation  con^sts  of  the  filtrate 
(through  Chamberland  filters)  of  5  per  cent  glycerin-pepton-bouillon 
cultures  of  Bacillus  tuberculosis.  Phenol  0.25  per  cent  is  added  to 
insure  sterility.  The  filtered  bouillon  corresponds  to  the  unconcentrated 
old  tuberculin  of  Koch,  but,  not  having  been  heated,  is  supposed  by 
Denys  to  contain  important  soluble  and  possibly  thermolabile  secretory 
products  of  the  bacillus. 

T-uberculoplasmin  (Buchner  and  Hahn)? — Buchner  and  Hahn,  by 
crushing  tul>erclc  bacilli  by  subjecting  them  to  a  pressure  of  400 
atma'^pheres,  obtained  a  cell-juice  in  the  form  of  an  amber  fluid,  to 
which  they  attributed  qualities  closely  analogous  to  those  of  TR. 

■  Koch,  Deut.  mtti.  Woch.,  1901. 

'  Dtnm,  "Le  Bouillun  Filtr^,"  Louvain,  IMS. 

'  BxKhntr  und  Hahn,  MQnph.  med.  Woch.,  1897;  Hahn,  ibid. 
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Other  tuberculins  are  those  of  Beraneck,'  highly  recommended 
clinically  by  Sahli,'  that  of  Klebs,*  and  the  tuberculin  produced  from 
bovine  tubercle  bacilli  by  Spenglw.* 

Dlagnostte  Use  of  Taberculin. — Subcutaneous  Use. — The  preparation 
usually  employed  for  diagnostic  purposes  13  Koch's  "Old  Tuberculin" 
(Alttuberculin).  This  preparation  is  administered  by  hypodermic  injec- 
tion of  small  quantities  obtained  by  means  of  dilutions.  The  dilutions 
Me  best  made  with  a  0.5  per  cent  aqueous  carbolic  acid  solution.  In 
practice  a  1  per  cent  solution  is  made  by  pipetting  0.1  c.c.  of  tuberculin 
into  9.9  c.c.  of  the  0.5  per  cent  carbolic  solution.  A  cubic  centimeter 
of  this  then  contains  0.01  c.c.  of  tuberculin.  One  c.c.  of  this  solution 
added  to  9  c.c.  of  0,5  per  cent  carbolic  acid  gives  a  solution  in  whi«h 
each  cubic  centimeter  contains  O.OOI  c.c,  or  1  milligram  of  tuberculin. 

The  initial  dosa^  in  adults'in  Koch's  ^  early  work,  and  as  used  by 
Beck  *  on  a  large  number  of  patients,  was  1  milligram.  This,  according 
to  present  opinions,  is  too  high,  and  most  clinicians  to-day  prefer  O.l 
to  0.2  of  a  milligram.  If  after  three  or  four  days  no  reaction  has  occurred, 
a  second  dose  of  1  milligram  is  given. 

The  reaction  itself  is  recof;nize<l  chiefly  by  the  changes  in  tem- 
perature. In  a  positive  reaction  the  patient's  temperature  will  begin 
to  increase  within  six  to  ei^ht  hours  after  injection,  rising  sharply 
within  a  few  hours  to  0.5  or  1.5°  higher  than  the  temperature  before  in- 
jection. It  then  sinks  more  gradually  than  it  rose,  the  reaction  nsually 
being  complete  within  thirty  to  thirty-six  hours.  With  the  temp^ature 
there  may  be  nausea,  a  chill,  rapid  pulse,  and  general  malaise.  Locally 
visible  tuberculous  processes,  such  as  lupus,  lymph  nodes,  etc.,  may 
become  more  tender  or  swollen,  and  if  the  tubereulosis  is  pulmonary, 
there  may  be  coughing  nnd  increased  expectoration.  The  temperatures 
of  persons  subjected  to  the  test  should  be  taken  regularly  for  three  or 
four  days  before  tuberculin  is  used. 

Ophthalmo-TiibercuUa  Reaction. — "Wolff-Eisner^  and,  soon  after 
him,  Calmette,*  proposed  a  method  of  usinf*  tuberculin  for  diagnostic 

'  Beraneek,  Compt.  read,  de  I'acad.  dea  sci.,  1903. 

»  Sahli,  Con-bl.  d.  Scliw.  Aente,  1906. 

»  Ktebs,  Cent.  f.  Bakt.,  1896;  Deut.  med.  Wo«h.,  1907. 

*Spengkr,  Deut.  med.  Woch.,  xjtxi,  1904;  xxxi  and  xxxjv,  1905. 

»  Kodt,  Deut.  raed.  Woch.,  1890. 

•  Beek,  Deut.  med.  Woch,,  1899. 

T  Wolff-Eisner,  Beri.  med.  Geaell.,  May  15,  1907. 

*  CalmelU,  Acad,  des  sci.,  June  17,  1907. 
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purposes  by  instillation  into  the  conjimelival  see.  In  tuberculous 
patients  this  process  is  followed  by  a  sharp  conjunctival  congestion 
lasting  from  one  to  several  tlays. 

The  preparation  used  for  this  purpose  is  produced  in  the  following 
way : 

"Old  Tuberculin"  is  treated  with  double  the  quantity  of  95  per 
cent  alcohol,  and  the  precipitate  allowed  to  settle  and  the  alcohol  then 
filtered  olT  through  paper.  The  sediment  is  washed  with  70  per  cent 
alcohol  until  the  filtrate  runs  clear,  then  pressed  between  layers  of 
(liter  paper  to  remove  excess  of  moisture,  scraped  into  a  dish,  dried 
171  vacuo  over  H;SO„  and  broken  up  in  a  mortar  under  a  hood. 

Solutions  of  the  powder  are  made  in  sterile  normal  salt  solution,  1 
per  cent  by  weight,  boiled  and  filtered.  The  solutions  are  used  in 
strengths  of  D.5  to  1  per  cent,  a  drop  of  which  is  instilled  into  the  con- 
junctival sac' 

Cutaveou3  Tuberculin  Reaction. — Von  Pirquet*  has  suggest^  the 
cutaneous  use  of  tuberculin  for  diagrtostic  purposes.  A  25  per  cent 
solution  of  "Old  Tuberculin"  was  first  used.  At  present  the  undi- 
luted substance  is  employed. 

After  sterilisation  of  the  patient's  forearm,  two  drops  of  this  sohi- 
tion  are  placed  upon  the  skin  about  6  cm,  apart.  Within  each  of  these 
drops  scarification  is  done,  and  the  skin  between  them  sacrificed  as  a 
control.  Within  twenty-four  to  forty-eight  hours,  in  tuberculous 
patients,  erythema,  small  papules,  and  herpetiform  vesicles  will  ap- 
pear. According  to  recent  investigations,  about  70  per  cent  of  adults 
show  a  positive  reaction.    This  reverses  its  diagnostic  value  for  adults. 

Moro*  has  modified  this  by  simply  making  a  50  per  cent  ointment 
of  tuberculin  in  lanolin  and  rubbing  it  into  the  skin  without  scari- 
fication. 

■  Complement  Fixation  in  Tiiberndosis.* — The  problem  o£  comple- 
ment fixation  in  tuberculosis  for  diagnostic  purposes  has  been  very 
actively  investi<rated  of  recent  years.  The  most  promising  results  have 
been  reported  with  an  antigen  made  by  Besredka  of  a  filtrate  of  an 
egg-meat-broth,  upon  which  culture  the  tubercle  bacilli  had  been  grown 
for  several  weeks;  a  similar  filtrate  of  cultures  on  a  watery  extract  of 

'  Method  in  use  at  Saranac  and  kindly  communicated  by  Dr.  BEtldwiD. 
•h.  Pirgvel.  Berl.  klin.  Woch.,  xx,  1907;  M«d.  Klinik,  xl,  1907, 
•  Moro.  MOnch.  med.  Woch.,  1906,  p,  216. 

'  A  review  of  complement  fixation  tests  in  tubtrctilosia  will  be  found  in  an  article 
by  H.  R.  Miller,  Jour.  Lab.  &  Clin,  Med.,  1916,  i.  816. 
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potato  with  glycerin,  used  by  Petroff ;  antl  an  antigen  made  by  Miller 
and  Zinsser  by  triturating  dead  tubercle  bacilli  with  dry  crystals  of 
NaCl  and  adding  distilled  water  to  isotonicity.  Craig.  Bronfenbren- 
ner  and  the  above-named  writers  have  reported  good  residts  with 
these  varioug  antigens,  and,  although  too  early  to  say  which  will  prove 
most  useful,  it  is  clear  that  complement  fixation  methods  can  aid  in 
the  diagnosis  of  active  tuberculosis.  We  can,  of  eonrsp,  judge  con- 
cisely only  of  the  method  used  in  our  laboratory,, where  Miller  has 
followed  carefully  a  considerable  number  of  cases  on  which  the' 
method  has  been  used.  It  would  appear  at  present  that  between  80 
and  90  per  cent  of  the  fixation  results  correspond  accurately  with 
clinical  findings. 

The  Tuberculin  Test  aa  Applied  to  Calile. — In  cattle,  the  symptoma 
<rf  tuberculosis  are  not  easily  detected  by  methods  of  physical  diag- 
nosis until  the  disease  has  reached  an  advancetl  stage.  In  conse- 
quence, cows  may  be  elements  of  danger  without  appearing  in  any 
way  diseased  to  those  who  handle  them.  In  con-sequence,  routine 
examination  of  herds  by  the  tuberculin  test  has  become  one  of 
the  necessary  measures  in  public  sanitation.  According  to  Mohler,' 
an  accurate  diagnosis  may  be  established  in  at  least  97  per  cent  of  the 
cases.  It  is  natural  that  a  good  deal  of  objection  to  the  test  is  encoun- 
tered on  the  part  of  dairy  farmers  and  cattle  raisers,  and  recently  it  has 
been  publicly  claimed  that  the  cattle  are  injured  by  the  test.  There  is, 
however,  no  scientific  basb  for  this  belief,  if  the  test  is  carried  out  care- 
fully and  intelligently.  As  a  matter  of  fact,  the  systematic  use  of  the 
t«st  would  eventually  be  distinctly  advantageous  to  the  owners  of  the 
cattle  themselves,  since  it  has  been  shown  that  cows,  even  in  the  early 
stages  of  the  disease,  may  expel  tubercle  bacilli,  either  during  respira- 
tion or  in  the  feces,  and  thus  become  a  menace  to  healthy  members  of 
the  herd. 

The  tuberculin  test  on  cattle  should  be  made  as  follows:  (The 
directions  given  below  are  taken  directly  from  the  circular  sent  out  from 
the  Bureau  of  Animal  Industry  at  Washington.) 

1.  Begin  to  take  the  rectal  temperature  at  6  a.m.,  and  take  it  every 
two  hours  thereafter  until  midnight. 

2.  Make  the  injection  at  midnight. 

3.  Begin  to  take  the  temperature  next  morning  at  6  a.m.,  and  con- 
tinue as  on  preceding  day. 

To  tboee  who  have  large  herds  to  examine,  or  are  unable  to  give  the 
>  Mohler,  Pub.  H.  and  Mar.  Hoop.  Serv.  Bull.  41.  1908. 
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time  required  by  the  above  directions,  the  following  shortened  course  is 
recommended : 

1.  Begin'to  take  the  temperature  at  8  a.u.,  and  continue  every  2 
hours  until  10  p.m.  (omitting  at  8  P-m.,  if  more  conv^ent);  or  take  the 
temperature  at  8  a.m.,  12  m.,  and  10  p.h. 

2.  Make  the  injection  at  10  p.m. 

3.  Take  the  temperature  next  morning  at  6  or  8  a.h.,  and  every  2 
hours  thereafter  until  6  or  8  p.m. 

Each  adult  anilbal  should  receive  2  c.c.  of  the  tuberculin  as  it  ie  sent 
from  the  laboratory.  (The  tubercuhn  seqt  out  from  the  central  labora- 
tory at  Washington  is  already  diluted;  2  c.c.  represents  0.25  c.c,  of  the 
concentrated  "Old  Tuberculin"  of  Koch.)  Yearlings  and  two-year-olds, 
according  to  size,  should  receive  from  1  to  1.5  cubic  centimeters.  Bulls 
and  very  large  animals  may  receive  three  cubic  centimeters.  The  injec- 
tion should  be  made  beneath  the  skin  of  the  neck  or  shoulders  behind 
the  scapula,  after  washing  the  area  with  a  weak  carbolic  acid  solution. 

There  is  usually  no  marked  local  swelling  at  the  seat  of  the  injection. 

There  are  now  and  then  uneasiness,  trembling,  and  the  more  fre- 
quent passage  of  softened  dung.  There  may  also  be  sl^t  acceleration 
of  the  pulse  and  of  the  breathing. 

The  febrile  reaction  in  tuberculous  cattle  following  the  subcutaneous 
injection  of  tuberculin  begins  from  six  to  ten  hours  after  the  injection, 
reaches  the  maximum  nine  to  fifteen  hours  after  the  injection,  and 
returns  to  normal  eighteen  to  twenty-six  hours  after  the  injection. 

A  rise  of  two  or  more  degrees  Fahrenheit  above  the  maximum  tem- 
perature observed  on  the  jirevious  day  should  be  regarded  as  an  indica- 
.  tion  of  tuberculosis.  For  any  rise  less  than  this  a  repetition  of  the 
injection  after  four  or  six  weeks  is  highly  desirable. 

It  is  hardly  necessary  to  suggest  that  for  the  convenience  of  the  one 
making  the  test  the  animals  should  not  be  turned  out,  but  fed  and 
watered  in  the  stable.  It  is  desirable  to  make  note  of  the  time  of  feed- 
ing and  watering  and  of  any  temperature  fall  after  watering. 

The  tuberculin  should  not  be  used  later  than  ax  weeks  after -the 
date  on  the  bottle,  nor  if  there  is  a  decided  clouding  of  the  solution. 

TherapflUtie  Vwt  of  Tuberculin. — Tubercuhn  was  first  used  therapeu- 
tically,, shortly  after  its  discovery,  by  Koch.'  Bmled  with  the  most 
optimistic  enthusiasm,  it^  possibilities  were  overestimated  and  hope- 
less cases  were  treated  unskilfully,  with  unsuitable  dosf^.  The  conse- 
quence was  that  harm  was  done,  the  method  was  attacked  by  Virchow 
I  Koch,  Deut.  med.  Woch.,  iii,  1891. 
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and  othere  and  the  new  therapy  fell  into  ahnost  complete  n^ect.  At 
present,  the  vae  of  tuberculin  has  agwn  been  revived,  but  with  greater 
caution  and  with  a  thoroi^h  understanding  of  its  limitations.  The 
tendency  has  been  toward  smaller  dosage  and  the  limitation  of  the  agent 
to  eu-ly  cases.  No  two  institutions  use  tuberculin  in  exactly  the  same 
manner,  and  it  is,  therefore,  impossible  to  do  more  than  outline  the 
general  scheme  of  treatment.  It  must  never  be  forgotten,  however, 
that  all  forms  of  tuberculin  treatment  consist  in  an  "active  immuniza- 
tion" in  which,  for  the  time  being,  the  toxemia  of  the  patient  is  increased 
rather  than  neutralized.  It  is  obvious,  therefore,  that  only  such  cases 
are  at  all  suitable  for  treatment  in  which  .the  process  is  not  a  very  acute 
one.  The  general  principle  of  modem,  tuberculin  therapy  seems  to  lie 
in  choo«ng  doses  so  smalt  that  no  marked  general  reaction  siiall  follow. 
The  preparations  most  frequently  employed  are  Koch's  "Alttubei^ 
culin,"  his  "TR,"  his  "Neu  Tuberkulin-Bazillen  Emulsion,"  and  the 
Bouillon  filtr6  of  Denys.  Initial  doses  of  Alttuberculin  range  from  0.1 
to  0.01  of  a  milligrun.  In  case  of  successful  avoidance  of  a  reaction, 
the  injection  may  be  repeated,  gradually  increasing,  about  twice  a  week. 
The  occurrence  of  a  reaction  should  be  the  signal  for  a  longer  interval 
and  a  slower  advance  in  the  size  of  the  dose. 

The  initial  dose  of  "TR"  is,  as  advised  by  Koch,'  about  0.002 
mgm.  This  usually  causes  no  reaction.  The  dose  is  doubled,  at  reason- 
able intervals,  up  to  1  n^m.  After  this,  further  increase  is  care- 
fully gauged  by  the  clinical  indications.  The  maximum  dose  is  about 
20  mgm. 

"Neu  Tuberkulin-Bazillen  Emulsion,"*  is  begun  with  a  dose  of  0.001 
mgm.  Gradual  increase  as  with  the  other  preparations  is  then  prac- 
ticed.   The  tnftviiniiTn  dose  is  about  10  mgm. 

Bouillon  fiitr€  has  been  used  chiefly  by  Denys'  and  with  apparently 
excellent  results.  Denys  is  very  emphatic  in  advidng  the  absolute 
avoidance  of  any  reaction.  He  b^ns  with  a  millionth  or  even  the 
tenth  of  a  millionth  of  a  cubic  centimeter  of  the  bouillon  and  in- 
creases with  extreme  caution.  His  dilutions  are  made  with  glycerin 
broth. 

PaaiiTO  Ibmnunisatiou  in  Tutwrculosla. — Numerous  attempts  have 
been  made  to  immunize  tuberculous  subjects  with  the  sera  of  actively 

I  Kodi,  Deut.  med.  Woch.,  xiv,  1897. 

^Bmddier  und  Boepke,  "Lehib.  d.  ape*ifiach.  Tub.  Ther.,"  Wtiraburg,  1908; 
Koeh,  Deut.  med.  Woch.,  1901. 

■  Dmyt,  "he  BouiUoa  filtr«,"  Louvain,  1905. 
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immune  animals.  The  most  widely  used  method  of  producing  such 
serum  is  that  of  Maragliano. 

Maragliatio's  Serum.* — Maragliano  believes  that  a  toxalbumin  is 
present  in  tubercle-bacillus  cultures  which  is  destroyed  by  the  heating 
employed  in  the  usual  tuberculin  production.  He  procures  this  sub- 
stance by  filtration  of  unhcated  cultures  and  precipitation  with  alcohol 
(tossina  prEecipitata).'  He  furthermore  makes  an  aqueous  extract  of 
the  bacillary  bodies.  With  these  two  substances  he  immunizes  horses. 
He  draws  blood  from  these  after  four  to  six  months  of  treatment.  The 
serum  is  extensively  used  in  Italy.  Its  value  is,  at  present,  very 
doubtful. 

Marmorek's  Serum.^ — Marmorek  claiins  that  the  poisons  produced  by 
Bacillus  tuberculosis  depend  largely  upon  the  medium  ou  which  it  is 
grown.  He  advanced  the  view  in  1903  that  the  substances  obtained 
in  tuberculin  were  not  the  true  toxins  of  the  tubercle  bacillus,  that  there 
was  a  marked  difference  between  these  and  the  poisons  elaborated  by  a 
younger  (primitive)  phase  of  the  bacillus  as  it  occurs  only  within  the 
animal  body  or  on  media  composed  of  animal  tissue.  He  consequently 
grows  his  cultures  on  a  medium  composed  of  a  leucotoidc  serum  (pro- 
duced by  inoculating  calves  with  guinea-pig  leucocytes)  and  liver  tissue. 
Such  cultures,  he  claims,  contain  no  tuberculin.  To  the  sera  produced 
by  immunization  with  these  cultures  he  attributes  high  curative  powers. 

Bacilli  Clouly  Related  to  the  Tubercle  BacUlus.— TAe  BaciUua  of 
Bovine  Tvbercuiosis. — Tuberculosis  of  cattle  (Perlsucht)  was  studied 
by  Koch '  in  connection  with  his  early  work  on  human  tuberculosis. 
Koch  did  not  fail  to  recognize  differences  between  the  reactions  to  in- 
fection in  the  bovine  type  of  the  disease  and  that  of  man.  He  attril>' 
(ited  these,  however,  to  the  nature  of  the  infected  subject  rather  than 
to  any  differences  in  the  infecting  Events.  This  point  of  view  met 
with  little  authoritative  contradiction,  until  Theobald  Smith,*  in  1898, 
made  a  systematic  comparative  study  of  bacilli  isolated  from  man  and 
from  cattle  and  pointed  out  differences  between  the  two  types.  The 
opinion  of  Smith  was  fully  accepted  by  Koch  *  in  1901. 

Since  that  time,  the  question,  because  of  its  great  importance  to 
prophylaxis,  has  been  the  subject  of  many  investigations,  most  of  them 

>  MaTagliam,  Bed.  klio.  W6ch.,  1899;  Soc.  <le  biol.,  1897. 

'  Marmorek,  Berl.  klin.  Woch.,  1903,  p.  1108;  Med.  Klinik,  1906. 

*Koch,  Arb.  %.  d.  kais.  GesuDdheita&mt,  11,  1882. 

*  Tfc.  SmiWi,  Jour,  Exp.  Med.,  Ill,  1868. 

*Koch,  Deut.  meJ.  Woch.,  1901. 
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ccnfirmiDg  Smith's  original  work.  Morpholi^cally,  Smith  '  found  that 
the  bovine  bacilli  were  usually  shorter  than  those  of  the  human  type  and 
fjew  less  luxuriantly  than  these  upon  artificial  media.  He  determined, 
furthermore,  that,  grown  upon  slightly  aoid  glycerin  bouillon,  the  bovine 
bacillus  gradually  reduces  the  acidity  of  the  culture  medium  until  the 
r:!action  reaches  neutrality  or  even  slight  alkalinity.  Fluctuations, 
after  this,  do  not  exceed  0.1  or  0.2  per  cent  on  either  side  of  neutrality. 
In  the  case  of  the  human  bacitlas,  on  the  other  hand,  there  is  but  slight 
reduction  of  the  acidity  during  the  first  weeks  of  growth;  after  thia 
acidity  increases  and,  though  subject  to  fluctuations,  never  reaches 
neutrality.  This  behavior  is  probably  due  to  action  exerted  upon  the 
glycerin,  since  on  ordinary  bouillon  no  such  differences  between  the  two 
varieties  can  be  noticed.  These  observations  of  Smith  were  confirmed 
by  Ravenel,'  Vagedes,'  and  others. 

The  cultural  differences  between  the  two  types  have  been  studied 
with  especial  care  by  Wolbach  ft"'l  T'^mst*  anH  Kosael,  Weber,  and 
Heuss.*  All  of  these  observers  Iwar  out  Smith's  contention  that 
luxuriance  and  spe.-?d  of  growth  are  much  more  marked  in  the  human 
than  in  the  boviiie  variety.  Marked  diiTerences,  furtliermore,  have  been 
shown  to  exist  in  tho  pathogenic  qualities  of  these  baeilU  toward  various 
animal  spiles. 

Guinea-pigs  inoculated  with  the  bovine  type  '  die  more  quickly  and 
show  more  exten.^ive  lesions  than  those  infected  with  human  bacilli. 
The  difference  in  the  pathc^enicity  of  the  two  oi^nisms  for  rabbits  is 
sufBciently  striking  to  be  of  diagnostic  value.  The  bovine  bacilli  usually 
kill  a  rabbit  within  two  to  five  weeks;  the  human  bacilli  produce  a  mild 
and  slow  disease,  lasting  often  for  six  months,  and  occa^onally  fcul  to 
kill  the  rabbits  at  all. 

The  practical  importance  of  distinguishing  between  the  two  types, 
■  ,'  course,  attaches  to  the  question  as  to  whether  the  bovine  and  the 
human  disease  are  mutually  intercommunicable.  Extensive  attempts  to 
i.ifect  cattle  with  bacilli  of  the  human  type  have  been  made,'  for  the  most 
part  with  very  little  or  no  success.     Infections  of  human  beings  with 

'  Til   Smith,  Jour.  Exp.  Med.,  1905. 

■  ItatKwi,  LaQOPt,  1901;  Uoiv.  Penn.  Med.  Bull.,  1902. 

'  Vag-jiii,  Zeil   f.  Hyg.,  1808. 

'  Wdbofh  and  F.r,i,i.  "Studies  from  the  Rockefeller  lost.,"  11,  1904. 

'  KokkI.  Wthr.  unrf  Ham.  Arb.  a.  d.  kais.  Geeundheiteamt,  1904  and  1905. 

*SmUh,  loc  cit.,  and  Medical  News,  1902. 

'fieol,  "Featscb  R  Koch,"  1902;  £int/A,  loc.  ut. 
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bovine  bacilli,  however,  have  been  reported  and  proved  beyond  reason- 
able doubt,  by  Smith,'  Ravenel,'  Koesel,  Weber,  and  Heuss,*  Park  and 
Krumwiede,*  and  others.  Most  of  these  infections  have  been  in  children. 
It  is  likely,  therefore,  that  while  cattle  are  to  a  condderable  degree  im- 
mune against  the  bacillus  of  the  human  type,  human  beings  do  not 
enjoy  the  same  saf^uard  in  respect  to  the  bovine  bacillus.  During  adult 
hfe,  the  danger  of  such  infection,  however,  is  far  less  than  it  is  during 
infancy  and  early  youth.    This  question  has  been  discussed  on  p.  487. 

The  BaeUlue  of  Atrian  Tvbercidosis. — A  disease  resembling  in  many 
features  the  tuberculosis  of  man  is  not  uncommon  among  chickena, 
pigeons,  and  s(nne  other  bird  species.  Koch  was  the  first  to  discover  in 
the  lesions  of  diseased  fowl  baciUi  much  reaemblii^  Bacillus  tuberculosis. 
It  was  soon  shown,  however,  by  the  studies  of  Nocard  and  Boux,* 
Mafucci,*  and  others,  that  the  bacillus  of  the  avian  disease  represented 
a  definitely  differentiable  species. 

Morpholc^cally,  and  in  stoning  characteristics,  the  bacillus  is 
almost  identical  with  that  of  the  human  disease.  In  culture,  however, 
growth  is  more  rapid  and  takes  place  at  a  temperature  of  41°  to  45°  C 
(the  normal  temperature  of  birds),  while  the  human  type  is  unable  to 
thrive  at  a  temperature  above  40°. 

Guinea-piga,  very  susceptible  to  human  tuberculosis,  ere  very 
refectory  to  infection  with  the  avian  type;  while,  on  the  other  hand, 
rabbits  which  are  resistant  to  the  human  type,  succumb  rapidly  to  in- 
fection with  avian  tuberculosis."  Prolonged  cultivation  and  passage 
throt^b  the  mammalian  body  is  said  to  cause  these  bacilli  to  approach 
more  or  less  closely  to  the  mammalian  type.  Conversely,  Nocard* 
succeeded  in  rendering  mammalian  tubercle  bacilli  pathogenic  for  fowl 
by  keeping  them  in  the  peritoneal  cavities  of  hens  in  celloidiu  sacs  for 
m  months. 

Recently  Koch  and  Rabinovitsch  "*  have  isolated  from  the  ^leait^ 

^  Smith,  Trana.  Assn.  Amer.  Pbye.,  1903. 

*  Riwenet,  Univ.  Penn.  Med.  BulL,  1002. 
'  Koatel,  Wdter,  und  Heuat,  )oc.  cit. 

*  Park  and  Knimiviede,  Jour.  Med.  Kea.,  IdlO. ' 

'  Noeard  et  Rtnix,  Aon.  de  I'imt.  Pasteur,  1887.     - 

•  Mafucci,  Zeit.  f.  Hyg.,  ri. 
'  Mafucci,  loc.  cit. 

'  SlTavs  et  Qamaleia,  Arch,  de  m^.  acpkt.,  18B1 ;  Courmonl  et  Dor,  Atch.  de  m£d. 
exp .  1891. 

•  Nocard,  Ann.  de  I'inst.  Pasteur,  1898. 

»£aeA  uod  AtMttMtftcA,  Vitch.  Arch.,  Beiheft  to  Bd.  190,  1907. 


Digitized  by  Google 


-  THE  TUBERCLE   BACILLUS  501 

a  young  man  dead  of  tuberculosis,  a  microorganism  which,  culturally, 
moipholc^cally,  and  in  its  pathogenic  action  upon  birds,  seemed  to 
belong  to  the  avian  type.  Lowenstein '  describes  a  similar  ot^anism 
cultivated  from  a  human  case  which  seems  to  be  a  transitional  type. 
Observations  of  this  order  are,  however,  too  few  at  the  present  time  to 
be  used  as  the  basis  of  a  definite  opinion  as  to  the  relationship  between 
the  two  varieties. 

Tvbereulosis  in  Cold-iAaoded  Animah. — ^Tbe  bacillus  isolated  by 
Dubarre  and  Terre  *  resembles  Bacillus  tuberculosis  in  morphol<%y  and 
in  a  certain  degree  of  'acid-fastness.  It  grows  at  low  temperatures, 
15°  to  30°  C.  It  is  non-pathogenic  for  animals,  but  kills  frogs  within  a 
month.  Except  for  the  acid-fastness  it  has  little  in  common  with 
Bacillus  tuberculosis. 

Similar  acid-fast  bacilli  have  been  isolated  from  other  cold-blooded 
ftnimftlH  (carp,  frogs,  turtles,  snakes)  by  many  observers. 

There  have  been  many  attempts  to  show  a  close  relationship  between 
the  tubercle  bacilli  of  cold-blooded  and  those  of  warm-blooded  animals. 
Moeller,  Hansemann,  Friedflaann;  Weber,  Kuster,  and  others  have 
given  this  subject  particular  attention  and  it  has  gained  especial  interest 
because  of  the  recent  notorious  claims  of  Friedmann  that  he  has  suc- 
ceeded in  obtiuning,  from  turtles,  a  strain  of  acid-fast  bacilli  which  can 
be  successfully  used  in  actively  immunizing  human  beings.  In  1903 
Friedmann  *  described  two  cases  of  spontaneous  infection  of  a  salt-water 
turtle  (Chelone  corticata)  with  acid-fast  bacilli,  presenting  lesions  in 
the  lungs  which  simulated  pulmonary  tulierculosis  in  the  human  being 
(cavity  formation  and  miliary  nodules).  The  oi^anisms  cultivated  from 
these  leaons  presented  much  similarity  to  those  of  the  human  type  and, 
according  to  Friedmann,'  unlike  other  acid-fast  bacilli  of  cold-blooded 
animals,  could  be  grown  at  37.5°  C.  As  a  possible  human  origin  for  the 
turtle  infections  Friedmann  mentions  that  the  attendant  who  fed  these 
turtles  suffered  from  a  double  pulmonary  tuberculosis. 

Upon  inoculation  mto  gulnea-p^  localized  lesions  only  were  pro- 
duced, and  dogs,  rats,  and  birds  were  immune.  The  implication  of 
Friedmann's  work  is  that  his  culture  represents  a  human  strain  attenu- 


'  LdttxTUttin,  quoted  from  Koch  and  Rabinovitsch,  k>c.  cit. 
^Dubam  et  Terre,  Gompt.  rend,  de  la  soc.  de  biol.,  1897. 
'Fritdmarm,  D.  Med.  Woch,,  No.  2,  Jao.,  1903,  25. 

*  Frudmmn,  D.  Med.  Woch.,  No.  26,  464, 1903,  and  Ceatralbl.  f .  Bakt.,  I,  joadv, 
1903,  abo  Zdtachr.  f.  Tuberkuloae,  iv.  Heft  G,  1903. 
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ated  for  man  by  passage  through  the  turtle,  although,  as  far  as  we  are 
aware,  do  definite  statement  as  to  this  has  been  made. 

Summarizii^  the  work  of  many  investigators  (Weber,  Taute, 
Kilster,  Allegri,  Pertarelli,  and  others)  Kiister '  makes  a  stat^neot 
which  is,  in  essence,  as  follows:  In  the  carp,  in  snakes,  turtles, 
and  frogs  spontaneous  tuberculosis  may  occur.  The  organisms  which 
cause  these  diseases  are  specific  for  cold-blooded  animals,  similar  in 
many  respects  to  the  tubercle  bacillus  of  warm-blooded  animals,  but 
in  the  latter  do  not  produce  progressive  disease.  Human,  bovine,  and 
avian  tubercle  bacilli  inoculated  into  cold-blooded  animals  can  produce 
lesions  which  histologically  simulate  tuberculosis.  These  micro- 
organisms can  remain  a  year  in  cold-blooded  animals  without  losing 
their  pathogenicity  for  guinea-pigs.  Mutation  of  the  tubercle  bacillus 
tA  warm-blooded  animals  into  cold-blooded  ones  has  not  been  proven. 

For  these  reasons  it  is  quite  impossible  to  exclude,  in  the  apparently 
podtive  work  of  Friedmann  and  others,  the  isolation  of  a  true  "cold- 
blooded" type  organism,  rather  than  a  mutation  form  originally  of 
the  warm-blooded  type.  What  Fciednuuin's  present  claims  in  this 
respect  are  for  his  culture  has  not  been  stat^  as  far  as  we  know.  The 
possibility  of  a  positive  immunising  value  of  organisms  isolated  from 
cold-blooded  animals  in  human  beings,  though  remote,  is  not  out  of  ques- 
tion. The  problem  is  so  serious  and  important,  and  the  experience  of 
many  workers  is,  so  far,  so  inconclusive  that  the  time  has  not  come  for 
commercial  exploitation  and  the  cruel  arousing  of  false  hopes.  The 
subject,  however,  deserves  carefully  controlled  further  investigations. 

Bacillus  of  Timothy. — Moeller  isolated  from  tiraothy-grass  and  from 
the  dust  in  haylofts  acid-fast  bacilli,  like  Bacillus  tuberculosis.  Th^ 
grow  rapidly  on  agar,  soon  showing  a  deep  red  or  dark  yellow  color. 

BacilliiS  biUyricua  (Butier  Badliua). — Slightly  acid-fast  bacilli  re- 
sembling Bacillus  tuberculosis  have  been  isolated  from  milk  and  butter 
by  Petri,*  Rabinovitsch,'  Kom,'  and  others. 

These  bacilli  are  easily  differentiated  from  Bacillus  tuberculosis  cul- 
turally.   They  are  slightly  pathogenic  for  guinea-pigs,  but  not  for  man. 

Badllus  smcynialis  and  Ike  buriltus  of  kprosy  will  be  discussed  in 
separate  sections.  The  <lifr(Tentiation  of  these  organisms  by  staining 
reactions  has  been  dlKi-us-sed  in  the  section  on  staining  methods. 

'Koll,'  unil  W'if<4riiiiinii'«  llundbuch,  2d  edition,  v,  767. 
'  Peiri,  Arh.  a.  d,  kius.  Gnaundhcilaamt,  1897, 
'  Itahinoiiitsch,  Zeit.  f.  Ilyg.,  1897. 
*  Kom,  Cent,  f.  Bakt.,  1899. 
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THE  SMEGMA  BACILLUS  AND  THE  BACILLUS  OF  LEPROSY 

BACILLUS  SHEOMATIS 

In  1884,  Lustgarten '  announced  that  he  had  succeeded  in  demon- 
atrating,  in  a  number  of  aj-philitic  leaiona,  a  characteristic  bacillus, 
which  he  declared  to  be  the  etiological  factor  in  the  disea.se.  The  great 
importance  of  the  subject  of  Lustgarten's  communication  caused  nu- 
merous investigators  to  take  up  the  study  of  the  niieroorganiama  found 
upon  the  genitals  of  normal  and  diseased  individuals.  As  a  reaiilt  of 
these  researches  the  presence  of  the  Lustgarten  bacilh  upon  the  genitals 
of  many  ayphilitica  was  confirmed;  but  at  the  same  time  bacilU,  which 
in  all  essential  particulars  were  identical  with  them,  were  found  in  the 
secretions  about  the^  genital  organs  and  anus  of  many  normal  persons. 
The  first  to  throw  doubt  upon  the  etiological  significance  of  Lustgarten's 
bacillus,  and  to  describe  in  detail  the  microorganism  now  recognized  as 
Bacillus  smegmatia,  were  Alvarez  and  Tavel.'  Similar  studies  were 
made  soon  afterward  by  Klemperer,*  Bitter,*  and  others. 

The  smegma  bacilli  are  now  known  to  occur  an  harmles-s  .sapro- 
phytes in  the  preputial  secretions  of  the  male,  about  the  external  genital 
organs  of  the  female,  and  within  the  folds  of  thighs  and  buttocks.  They 
are  usually  found,  in  these  situations,  in  clumps  upon  the  mucous  mem- 
brane, and  oecaaionally  in  the  superficial  layers  of  the  epithelium,  intra- 
and  extra-cellularly. 

Morphology. — The  smegma  bacilli  are  verj' similar  to  tubercle  bacillij 
but  show  greater  variations  in  size  and  appearance  than  do  the  latter. 
In  length  the  individuab  may  vary  from  two  to  seven  micra.  They 
are  usually  straight  or  slightly  curved,  but  according  to  Alvarez  and 
Tavel  may  ahow  great  polymorphism,  including  short  comma-like;  form.s, 
and  occasional  S-ahapcd  spiral  forms. 

'J.a»lgarten,  Wipii.  mnl.  Wocli.,  47,  1SS4. 

'  Atmriti  H  Tavel.  Arch.  d.  iiliy.siol.  ncinii.  et  patli.,  Oct.,  1885, 

» KUmperer.  I>eiit.  wcl.  Woeli.,  xi,  1SS5. 

*  Bitter,  Virchow's  Arch.,  ciii. 
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They  are  not  easily  stained,  and  though  less  resistant  in  this  respett 
than  the  tubercle  baeillus,  they  yet  belong  distinctly  to  the  group  of 
aci(t-fa3t  bacilli.  Once  stained  by  the  stronger  dyes,  such  as  carbol- 
fuchsin  or  anil  in- water-gentian -violet,  they  are  tenacious  of  the  dye, 
though  less  so  than  tubercle  bacilli. 

The  itlentification  of  the  smegma  bacillus  by  staining  Inethods  baa 
become  of  great  practical  importance  since  Fraenkel,'  MuUer,'  and 
others  have  demonstrated  the  occasional  presence  of  acid-fast  bacilli, 
probably  of  the  smegma  group,  in  sput^im,  and  in  secretions  from  the 
tonsillar  crj-pts  and  throat.  The  methods  of  differentiation  which  have 
been  found  most  practical  are  those  which  depend  upon  differences  in 
the  retention  of  stain  shown  by  these  bacilli.  While  it  may  be  stated 
an  a  general  rule  that  the  smegma  bacilli  are  more  easily  decobr- 
ized  than  tubercle  bacilli,  it  is  nevertheless  important  that  a  con- 
trol, as  suggested- by  Wood,  be  made  with  known  tubercle  bacilli 
whenever  a  slide  of  suspected  smegma  bacilli  is  examined.  For 
the  actual  differentiation  an  excellent  method  is  that  of  Pappenheini, 
described  in  detail  in  the  section  on  Staining,  page  106.  This  method 
doponcls  upon  the  fact  that  prolonged  treatment  witii  alcohol  and  roo^e 
acid  decolorizes  the  smegma  bacilli  but  not  the  tubercle  bacilli. 
Coles '  has  stated  that  smegma  bacilli  will  resist  Pappenheim's 
decolorizing  agent  for  four  hours  at  the  most,  while  tubercle  bacilli 
.vill  retain  the  stain,  in  spite  of  such  treatment,  for  as  long  aa  twen^- 
four  hours. 

Although  minor  differences  between  the  smegma  bacillus  and  that 
I  if  Lustgarten  have  been  upheld  by  Doutrelepont  *  and  others,  never- 
rlieless,  the  etiological  significance  of  Lustgarten's  bacillus  in  syphilis 
lias  been  finally  discredited,  and,  if  not  identical  with  the  am^ma 
bacillus,  it  at  least  belongs  to  the  same  group. 

The  smegma  bacilli  have  no  pathogenic  significance.  They  are 
found  upon  human  beings  as  harmless  saprophytes,  and  all  attempts  to 
infect  animals  have  so  far  been  unsuccessful.  They  are  cultivated 
with  great  difficulty,  first  cultivations  from  man  being  successful  only 
upon  the  richer  media  containing  human  serum  or  hydrocele  fluid. 
After  prolonged  cultivation  upon  artificial  media  they  may  be  kept 
ulive  upon    glucose   agar    or   ascitic    agar.    Their    growth    is   slow; 

1  Fraenket,  Berl.  kiln.  Woch.,  1898. 

>MutUr,  Deut.  nicd.  Woch.,  1898. 

•  CtJen,  Jour,  of  SUte  Med.,  1904. 

'  DotitrekporU,  quoted  from  Klemperer,  loc>  ctt> 
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and  the  colonics,  appearing  within  five  or  six  days  after  inoculation. 
are   yellowish   white,    corrugated,    and    not    unlike    tuberclo-bacillu 


BA0ILLU8  LEPRA  AND  LXPR08T 

The  bacillus  of  leprosy  was  first  seen  and  correctly  interpreted  as 
the  etiological  factor  in  the  disease  in  1879,  by  C!.  Armauer  Hansen,' 
a  Norwegian  observer.  Hansen  found  the  bacilli  in  the  tissues  of  the 
nodular  lesions  of  patients,  lying  in  small  clumps,  intra-  and  extras 
celiularly,  as  well  as  in  the  serum  oozing  from  the  tissue  during  its 
removal.  Hansen's  observation  was  the  fruit  of  over  six  years  of  careful 
study  and  as  to  his  priority  in  making  this  great  discovery,  there  can 
be  no  doubt.  Almost  simultaneously  with  his  publication,  however, 
Neisser '  published  similar  results,  obtained  by  him  during  a  brief  stay 
at  B^^en,  during  the  preceding  summer.  The  bacilli  described  by 
these  workers  are  now  recognized  as  being  unquestionably  the  cause 
of  the  various  forms  of  the  disease  known  as  leprosy. 

Uoiphology  and  Staining. — ^Thc  leprosy  bacillus  is  a  small  rod 
measuring  about  5  to  7/(  in  length  and  has  a  close  morphological  rc- 
Bemblance  to  Bacillus  tuberculosis,  except  in  that  it  is  less  apt  to  display 
the  beaded  appearance  and  is  slightly  Ie.ss  slender  than  the  latter.  It 
is  non-motile,  possesses  no  flagella,  and  fonns  no  spores. 

Like  tubercle  bacilli,  furthermore,  the  leprosy  bacilli  belong  to  the 
class  of  so-called  acid-fast  bacteria,  being  stained  with  much  difficulty; 
but  when  once  stained  they  are  tenacious  of  the  color,  offering  con- 
siderable resistance  to  the  decolorizing  action  of  acids.  It  is  necessarj' 
for  diilerential  diagnosis,  however,  to  note  that  both  the  difficulty  of 
staining  and  the  resistance  to  decolorization  are  less  marked  in  the  case 
of  thb  microorganism  than  in  the  case  of  Bacillus  tuberculosis.  It  was 
this  pecufiar  behavior  to  stains  that  caused  the  delay  of  several  years  in 
Hansen's  publications,  since  he  failed  in  obtaining  good  morphological 
specimens  until  the  work  of  Koch  upon  bacterial  staining  ha<l  supplied 
him  with  proper  methods.  The  bacillus  is  stained  most  easily  with 
anHin-water-gentian-violet  or  with  carbol-fuchsin  solution.  Stained  by 
Gram's  method,  it  is  not  decolorized  and  appears  a  deep  blue.  DifTcr- 
ential  staining  by  the  Ziehl-Neelsen  method  shows  the  bacillus  stained 
red  unless  decolorization  by  means  of  the  acid  and  alcohol  are  prolonged 

"  Hansen,  Virch.  Arch.,  79, 1879. 

■  Neitaer,  Brealauer  S.tz%\.  Zeitscbr.,  20, 1879. 
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for  an  unusual  time.  A  differentiation  from  tubercle  bacilli  by  virtue  of 
greater  ease  of  decotorization  is  of  value  only  in  the  bands  of  those 
having  much  experience  with  these  bacilli,  and  follows  no  regular  la^« 
of  acid-strengths  or  time  of  application  which  can  be  generally  applied 
by  the  inexperienced.  In  tissues,  the  bacilli  are  easily  stained  by  the 
methods  used  for  staining  tubercle  baciUi.  The  sections  are  left  in  the 
Ziehl  carbol-fuchsin  solution  either  from  two  to  twelve  hours  at  incu- 
bator temperature  or  for  twenty-four  hours  at  room  temperature. 
Subsequent  treatment  is  that  employed  in  the  case  of  tuberculous  tissue 
sections  (see  p.  112). 

Cultivation. — Cultivation  of  the  leprosy  bacillus  has  not  met  with 
success.  Hansen  and  others  who  have  approached  the  problem  with 
a  thorough  knowledge  of  the  microoi^nlsm,  combined  with  a  cwn- 
petent  bacteriological  training,  have  failed  in  all  their  attempts. 
Numerous  positive  results  reported  by  observers  have  always  lacked 
adequate  confirmation.  Recently,  Rost,'  of  the  British  Anny  Medical 
Corps,  has  claimed  success  in  cultivation  of  leprosy  bacilli  upon  salfr-free 
bouillon,  his  point  of  departure  being  the  previous  observation  that 
salt-free  media  favored  the  growth  of  tubercle  bacilli.  His  results  have 
not  been  confirmed. 

In  1909  Clcgg*  succeeded  in  growing  an  acid-fast  bacillus  from 
leprous  tissue,  obtaining  his  results  by  inoculating  leprous  material 
upon  agar  plates  upon  which  ameba  coli  had  been  grown  in  symbiosis 
with  other  bacteria.  On  such  plates  the  acid-fast  bacilli  multiplied, 
and,  subsequently,  pure  cultures  were  obtained  by  heating  the  cultures 
to  60°  C,  which  dcstroyccl  the  ameba  coli  and  other  bacteria.  These 
results  were  confirmed  by  other  workers  and,  soOn  aft«r  that,  Duval  * 
not  only  succeeded  in  repeating  Clef's  experiments,  but  obtained  cul- 
tures of  an  acid-fast  bacillus  directly  from  leprous  lesions  without  the 
aid  of  ameba.  He  first  observed  that  the  leprosy  organism  would  multi- 
ply around  a  transplanted  piece  of  leprous  tissue  upon  ordinary  hlood 
agar  tubes  upon  which  infiucnza  bacilli  and  meningococci  were  grown. 
He  concluded  that  such  growth  depended  upon  chemical  changes  in 
the  media  and  believed  the  formation  of  amino-acids  essential  for  the 
initial  growth.  The  method  he  subsequently  described  depended  upon 
supplying  these  substances  either  by  adding  tryptophan  to  nutrient 
agar  or  by  pouring  c^  albumen  and  human  blood  serum  in  Petri  dishes, 

'  Rost,  Brit.  Med.  Jour.,  1,  1905. 

'  r%j,  Philippine  Jour,  of  Sc,  iv,  1909. 

'  Duval,  Jour.  Exp.  Med.,  xii,  1910,  and  ibid.,  16,  1912. 
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inspissating,  at  70°  C,  for  three  hours  and,  after  inoculating  with 
leprous  tissue,  adding  a  1  per  cent  solution  of  trypsin.  Indirectly  the 
same  result  was  obtained  by  employing  culture  media  containing  albu- 
minous substances  and  inoculating  with  bacteria  capable  of  producing 
amino-acids  from  the  medium.  After  leprosy  bacilli  had  been  grown 
aa  this  medium  for  several  generations,  they  could  easily  be  cultivated 
im  agar  slants  without  special  additions  or  preliminary  treatment. 

In  spite  of  extensive  work  upon  this  very  important  problem 
opinions  are  still  divided  as  to  the  speci6c  nature  of  the  organisms  cul- 
tivated by  Cl^s  and  by  Duval.  Aninjal  experiments  with  these  cultures 
have  remained  inconclusive.  The  cultures  after  prolonged  preservation 
upon  artificial  media  grow  heavily,  often  lose  their  acid-fast  charac- 
teristics, develop  into  streptothrix-Iike  or  diphtheroid  forms  and  become 
markedly  chrom(%enic,  all  these  characteristics  su^e-sting  saprophytism. 
In  a  recent  communication,  Duvai  and  Welhnan  '  state  their  opinion 
as  follows:  From  29  cases  of  leprosy,  22  successive  cultivations  of  acid- 
fast  bacilli  were  made;  in  14  of  them  a  chromogenic  organism,  simitar 
to  that  of  Cle^,  was  found.  This  grows  either  as  a  non-acid-fast  strep- 
tothrix  in  subsequent  cultivations  or  as  non-acid-fast  diphtheroid  forms. 
From  eight  cases  an  organism  distinctly  different  from  the  former  was 
cultivated  which  grows  only  on  specific  media  and  by  serological  tests 
seems  to  give  reaction  which  differentiates  itfrom  Clegg's  organism.  Du- 
val believes  that  there  is  no  reason  to  assume  specific  etiological  relation- 
ship for  the  first  organism  mentioned.  In  the  case  of  the  second,  he 
admits  that  not  sufficient  proof  has  been  brought,  but  states  his  belief 
that  its  etiological  significance  is  probable. 

Pattiogsnldtr- — Innumerable  attempts  to  transmit  leprosy  to  ani- 
mals by  inoculation  have  been  unsuccessful.  Nicolle,*  however,  has 
recently  claimed  successful  experiments  upon  monkeys  (macacus)  in 
whom  inoculation  with  tissue  from  infected  human  beings  was  followed, 
in  sixty-two  days,  by  the  development  of  a  small  nodule  at  the  site  of 
inoculation,  in  which,  upon  excision,  leprosy  bacilli  were  found.  In 
most  cases,  however,  inoculation  has  given  rise  merely  to  a  transient 
inflammatory  reaction. 

Among  human  beings,  leprosy  has  been  a  widely  spread  disease  since 
the  banning  of  history,  and  much  evidence  is  found  in  ancient  lit- 
erature which  testifies  to  a  wide  distribution  of  the  disease  long  before 
the  Christian  era  and  throughout  the  Middle  Ages.    At  the  present  day, 

'  Duval  and  WeUman,  Jour,  of  Inf.  Dis.,  xj,  1912. 
^NicoUe,  Sem.  m£dicale,  10,  1905. 
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leprosy  is  most  common  in  the  eastern  countries,  especially  in  India  toi    ! 
Chira.    In  Europe  the  disease  is  found  in  Norway,  in  Russia,  and  in 
Iceland.     In  other  European  countries,  while  the  disease  occurs,  it  ia    ' 
not  at  all  common.    In  the  United  States,  there  are,  according  to  Osier,    | 
three  important  centers  of  leprosy  ^tuated  in  Loui^ana,  in  California, 
and  among  the  Norwegian  settlers  in  Minnesota.    The  disease  is  also 
present  in  several  provinces  of  Canada.     In  all  countries  in  which 
segrpRation  of  Ippcrs  is  rigidly  practiced,  the  disease  is  diminishipg.  In 
Norway,  according  to  Hansen,  proper  sanitary  measures  have  reduced    j 
the  number  of  lepers  from  2,870  in  1866,  to  577  in  1900.  I 

Clinically,  the  disease  appears  in  two  chief  varieties,  tubercular 
leprosy  and  the  so-called  anesthetic  leprosy.  In  the  former  variety, 
hard  nodular  swellings  appear,  usually  in  the  face,  but  often  on  other 
parts  of  the  body  as  welt.  These  lead  to  frightful  disfigurement  and 
are  accompanied  by  a  falling-out  of  hair  and  a  loss  of  sensation  in  the 
affected  areaa.  In  the  anesthetic  form,  there  is  usually  at  first  pain  in 
definite  areas  of  the  extremities  and  the  trunk,  which  is  soon  followed 
by  the  formation  of  flat  or  slightly  raised  pigmented  areas,  within  which 
there  is  absolute  anesthesia  with,  later,  atrophy  and  often  secondary 
necrosis  in  the  atrophied  parts.    The  disease  is  usually  chronic  in  its 

The  bacilli  are  found  in  large  numbers  in  the  cutaneous  lesions.  In 
the  knobs  of  the  nodular  variety,  they  he  in  clumps  between  the  cwi- 
nective-tissue  cells  and  within  the  large  spheroidal  cells  which  make  up 
the  nodules.  They  are  found,  also,  in  advanced  cases,  in  the  liver  and 
in  the  spleen,  lying  within  the  cells,  and,  to  a  slighter  extent,  in  the 
intercellular  spaces.  They  have  also  been  found  within  the  kidneys, 
the  endothelium  of  the  blood-vessels,  and  in  the  testicles.*  In  the  blood, 
the  bacilli  have  frequently  been  demonstrated,  especially  during  the 
febrile  attacks  which  occur  during  the  disease.  Westphal  and  Uhkn- 
hut  ^  have  found  the  bacilli  within  the  central  nervous  syston, 
and  these  observers,  as  well  as  others,  have  found  them  Ijdng 
within  the  itubstance  of  the  peripheral  nerves,  thus  explaining  the 
anesthesia.  A  fact  of  enormous  importance  to  the  question  of 
transmission  is  the  observation  made  by  various  observoB,  mwe 
especially  by  Sticker,  that  the  bacilli  are  found  with  great  regu- 
larity in  considerable  numbers  in  the  nasal  secretions  of  pawoas 
suffering  from  the  disease.     Sticker  is  inclined  to  regard  the  nose 

'S(icJ:er,  Miinch.  med.  Wooh.,  39,  1897. 
>  Wentphal  imd  UhUrAut,  Klio.  Jahib.,  1901. 
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as  the  primary  path  of  infection.  Whether  or  not  this  be  true  can 
not,  at  present,  be  decided.  As  a  source  of  infection,  however,  the 
nasal  mucus  and,  secondarily,  the  saUva,  are  certainly  the  vehicles 
by  which  large  nimibers  of  the  bacilli  leave  the  infected  patient,  and, 
therefore,  tend  to  spread  the  disease. 

The  c»DtagiousneB8  of  leprosy  ia  far  less  than  is  that  of  most  other 
bacterial  diseases.  Phydcians  and  others  who  come  into  direct  contact 
with  Uags  numbers  of  leprous  patients,  observing  at  the  same  time  the 
ordinary  precaution::  of  cleanliness,  rarely  contract  the  disease.  On 
the  other  hand,  intimate  contact  with  lepers  without  such  precautions 
is  the  only  poemble  means  of  transmission.  The  demonstration  of 
leprosy  bacilli  in  dust,  soil,  etc.,  must  always  be  looked  upon  with  sus- 
picion, ^ce,  apart  from  actual  human  inoculation,  there  is  no  method 
of  positively  differentiatii^  the  bacilli  from  suuilar  acid-fast  organisms. 
Instances  of  transmission  by  contact  are  on  record,  not  the  least  famous 
of  which  b  the  case  of  Father  Damien,  who  contracted  the  disease  while 
taking  care  of  the  lepers  upon  the  island  of  Molokai.  Hanson  states 
that  in  his  knowledge  no  case  of  leprosy  can  be  found  in  which  careful 
'  examination  of  the  past  historj-  will  not  reveal  direct  contact  with  a 
previous  case.  Direct  inoculation  of  the  human  being  with  material 
from  a  leprous  patient  has  been  successfully  carried  out  by  Aming,' 
upon  a  Hawaiian  criminal.  In  this  case  n  piece  of  a  leprous  noilule 
was  planted  into  the  subcutaneous  tissue  of  the  left  arm.  One  month 
after  the  inoculation,  pain  appeared  in  the  arm  and  shoulder,  and  four 
and  a  half  months  later  a  typical  leprosy  nodule  was  formed.  Four 
years  alter  the  inoculation,  the  patient  was  a  typical  leper. 

Although  our  inability  to  cultivate  the  leprosy  bacillus,  and  the  lack 
of  success  attending  animal  inoculation,  have  made  it  impossible  to  study 
more  closely  the  toxic  action  of  this  microorganism,  there  is,  neverthe- 
less, aome  evidence  which  points  toward  the  production  of  a  poisonous 
substance  of  some  kind  by  the  bacillus.  Rost,^  who  claims  to  have 
cultivated  the  bacillus,  manufactured  from  his  cultures,  by  the  technique  ■ 
for  the  production  of  "Old  Tuberculin,"  a  substance  which  he  called 
"leprolin,"  and  which  he  employed  therapeutically  in  the  same  manner 
in  which  tuberculin  is  employed  in  tuberculosis.  As  stated  before,  the 
results  of  Rost  still  lack  confirmation.  Of  far  greater  importance,  both 
in  demonstrating  the  probability  of  the  existence  of  a  definite  toxin  as 
well  as  in  indicating  the  close  relationship  between  the  leprosy  bacillus 

*  Aming,  Vera.  d.  Naturfor.  u.  Aerate,  1886.  *  BoU,  loc.  cit. 
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and  the  Bacillus  tuberculosis,  are  the  investigations  upon  the  actioo 
of  tuberculin  upon  leprous  patients.  When  tuberculin  is  admiois- 
tered  to  lepers,  a  febrile  reaction  occurs  usually  twenty-four  or  more 
hours  after  the  administration.  The  fever  differs  from  that  produced 
by  the  use  of  the  same  substance  in  tutwreulous  patients  in  that  it  is  o( 
late  occurrence  and  la.sts  considerably  longer.  At  the  same  time,  there 
may  be  marked  redness  and  tenderness  of  the  nodules.  In  isolated 
cases,  Babes  '  has  noticed  alarmingly  high  and  prolonged  fever  together 
with  systemic  symptoms  such  as  nausea,  headache,  and  even  uncon- 
sciousness, followii^  the  injection  of  tuberculin.  The  same  writer 
claims  to  have  extracted  from  the  organs  of  lepers,  which  ccmtained 
enormous  numbers  of  bacilli,  substances  which  showed  an  action  nmilar 
to  that  of  the  tuberculin. 

RAT    LEPBOST 

Stefansky  *  first  observed  this  disease  among  rats  in  Odessa,  and 
since  then  it  has  been  observed  in  Berlin  (Rabinovit^h  *),  in  London 
(Dean*),  in  New  South  Wales  {Tidswell '),  and  in  San  Franciaco 
(Wherry*  and  McCoy').  The  disease  occurs  spontaneously  among 
house  rats  and  is  characterized  by  subcutaneous  induration,  swellii^  of 
lymph  nodes,  with,  later,  falling  out  of  the  hair,  emaciation,  and  stane- 
timcs  ulceration.  Its  course  is  protracted  and  rats  may  live  witi  it 
for  six  months  or  a  year.  When  a  rat  suffering  from  this  disease  is  dis- 
sected there  b  usually  found,  under  the  skin  of  the  abdomen  or  flank,  a 
thickened  area  which  has  the  appearance  of  adipose  tissue  except  that 
it  is  more  nodular  an<l  gray  and  less  shiny  than  fat.  It  is  so  like  fat, 
however,  that  it  is  often  possible  to  overlook  it  as  evidence  of  diaeaae 
by  one  unfamiliar  with  the  condition.  In  this  area  acid-fast  bacilli 
looking  like  the  Ba<;illus  leprie  are  found  in  large  numbers.  These 
bacilli  arc  also  found  in  the  lymph  nodes  and  sometimes  in  small  nodulfes 
which  appear  in  the  liver  and  lung. 

>  Babes,  in  Kolle  und  Wa-ssiTinann,  "Handbuch,"  etc.,  Erat.  Erg&ni.  Bd.,  1907. 

*  Stefansky,  Oentralbl.  f.  Bakt.,  xxxiii,  481. 

»  RtOnnooiUch,  Ccntralhl.  t.  Bakt.,  xxxiu,  577. 

*  Dean,  Ccntralbl.  f.  B^t.,  xxxiv,  222;  Jour.  Ilyg.,  xcix. 

'  Tidnavli,  cil«d  by  BrinkerhofT  in  "The  Rat  and  Its  Relation  to  Public  Bealth,'' 
Treas.  Dept.,  Wa^.,  1910. 

'Wherry,  J,  A.  M.  A,,  June  6,  1908,  p.  1903;  Jour.  Inf.  Difl.,  dvii.  Rep.  V.  S. 
P.  H.,  and  M.  H.  S.,  sjdu,  1841. 

'  McCny,  Rep.  U.  S.  P.  H,  and  M.  H.  S,,  xxiii,  981;  Abstx,  in  J.  A.  M.  A.. 
Aug.  22,  1908,  690. 
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The  disease  can  be  transmitted  experimentally  from  rat  to  rat  and 
probably  is  transmitted  naturally  from  rat  to  rat  by  the  agency  of 
fleas  (Wherry,  McCoy).  Althot^  clinically  not  exactly  like  human 
leprosy  the  condition  is  sufficiently  lilie  it  to  arouse  much  hygienic 
interest.  The  distribution  of  the  disease  in  various  parts  of  the  world 
does  not  correspond  with  the  distribution  of  leprosy.  A  peculiar  feature 
of  its  distribution  is  the  fact  that  in  San  Francisco,  as  the  writer  was 
told  by  McCoy,  almost  all  the  rats  that  suffered  from  this  disease  came 
from  the  district  in  which  the  retail  meat  business  is  located,  known  as 
"  Butchertown."  The  oi^nisms  were  made  to  multiply  in  vitro  by 
Zinsser  and  Gary  in  plasma  preparations  of  growing  rat  spleen.  Chapin 
has  succeeded  in  cultivating  them  by  a  method  anali^ous  to  the  trypsin- 
egg  albumen  method  employed  by  Duval.  In  the  experiments  of  Zinsser 
and  Gary  it  was  found  that  although  the  oi^nisms  may  retain  their 
acid-fast  characteristics  for  many  weeks  within  leucocytes  they  degen- 
enAe  rapidly  within  the  spleen  cells,  a  fact  which  seems  to  have  some 
bearing  on  the  mechanism  of  resistance  possessed  by  the  body  against 
acid-fast  organisms. 
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B40II.LU8  DIPHTHERIA 

Since  1821,  when  Bretonneau  of  Tours  published  his  obaervs- 
tions,  diphtheria  has  been  an  accurately  recognized  clinical  entity. 
Our  knowledge  of  the  disease  in  the  sense  of  modem  bacteriology, 
however,  begins  with  the  first  description  of  Bacillus  diphtherix  by 
Klebs  in  1883.  Klebs'  had  observed  in  the  pseudomembranea  from 
diphtheritic  throats,  bacilli  which  in  the  light  of  more  recent  knowledge 
we  can  hardly  fait  tu  rcci^nizc  as  the  true  diphtheria  organism.  His 
work,  however,  was  purely  morphological  and,  therefore,  inconclusive. 
One  year  after  this  aimouncemcnt,  Loeffler '  isolated  and  cultivated  an 
oi^anism  which  corresponded  in  its  morphological  characters  to  the  one 
described  by  Klebs.  Ho  obtaiiie<l  it  from  thirteen  clinically  unques- 
tioned cases  of  diphtheria,  and,  by  inocuUting  it  upon  the  injured  mucous 
surfaces  of  animals,  succcedefl  in  producing  lesions  which  resembled 
closely  the  false  nicnibranos  of  the  human  disease.  His  failure  to  find 
tlie  bacillus  in  all  the  cases  he  examined,  his  finding  it,  in  one  instance, 
in  a  normal  throat,  and  his  inability  to  explain  to  his  own  satisfaction 
some  of  the  systemic  manifestations  of  the  infection  which  we  now 
know  to  be  due  to  the  toxin,  cau.sed  him  to  frame  his  conclusions  b 
a  tone  of  the  utmost  conservatism.  The  second  and  third  publications 
of  Loeffler,'  however,  and  the  inquiry  into  the  nature  of  the  toxins 
produced  by  the  bacillus,  published  in  1888  by  Roux  and  Yerain,' 
eliminated  all  remaining  doubt  as  to  the  etiological  relationship  cxistin;: 
between  this  organism  and  the  discas(\ 

Innumerable  ob.iervation.s,  both  i^linical  and  bacteriological,  by 
other  workers,  have,  since  that  time,  confirmed  the  early  investigations, 

1  Klebs,  Verli.  d.  2.  Kongr.  f.  inn.  Hediiin,  Wiesbaden,  188.1. 
'  Loeffler,  Mittheil.  a.  d.  kais.  Gesundheiteamt,  1884. 
"  Loeffler,  Cent.  f.  Bakt.,  1887  and  1890. 
*  Roux  and  Yersin,  Ann.  de  I'inBt.  Pasteur,  1888  and  1889. 
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and  it  is  to-day  a  scientific  necessity  to  find  the  bacillus  of  Klebs  and 
loeEBer  in  the  lesion  before  a  diagnosis  of  "diphtheria"  can  properly 
be  made. 

Hoiphology  ud  Staining. — While  Bacillus  diphtheriie  presents 
certain  characteristic  appearances  which  facilitate  its  recognition,  it  is, 
at  the  same  time,  subject  to  a  number  of  morphological  variations  with 


Fra.  106. — Bacillus  dipbtheria 

all  of  which  it  is  important  to  be  familiar.  These  variations  are,  to  a 
limited  extent,  dependent  upon  the  age  of  the  culture  and  upon  the 
constitution  of  the  medium  on  which  it  has  been  grown.  These 
factors,  however,  do  not  control  the  appearance  of  the  organism  with 
any  degree  of  regularity,  and  any  or  all  of  its  various  forms  may  occur 
in  one  and  the  same  culture.  It  is  likely  that  these  different  appear- 
ances represent  stages  in  the  growth  and  dcgpnoration  of  the  indi- 
vidual bacilli,  but  there  does  not  seem  to  be  any  just  reason  for 
believing  that,  aa  several  observers  have  stated,  there  is  definite  correla- 
tion between  its  microscopic  form  and  its  biological  characteristics,  such 
aa  virulence,  toxicity,  etc. 
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The  bacilli  are  slender,  straiglit,  or  slightly  curved  rods.  In  length 
they  vary  from  1.2  micra  to  6.4  micra,  in  breadth  from  0.3  to  1.1.  As 
seen  most  frequently  when  taken  from  the  throat  they  are  about  4  to 
5  micra  in  length.  They  are  rarely  of  uniform  thicknese  throughout 
their  length,  showing  club-shaped  thickening  at  one  or  both  ends. 
Occasionally  they  may  be  thickest  at  the  center  and  taper  toward  the 
extremities.  When  thickened  at  one  end  only,  a  slender  wedge-shape 
rcriults.  Such  forms  are  usually  straight,  of  smaller  size  than  their 
neighbors,  and  are  more  often  stained  with  great  uniformity.  These 
are  spoken  of  by  Beck*  as  the  "ground  type,"  and  assumed,  for  in- 
sufficient I'easons,  to  be  the  young  individuals.  Branched  forms 
have  been  described  by  some  investigators.  They  are  rare  and 
probably  to  be  regarded  as  abnormal  or  involution  forms  due  to  un- 
favorable environment. 

The  organisms  stain  with  the  aqueous  anilin  dyes.  A  characteristic 
irregularity  of  staining  which  is  of  great  aid  in  diagnosis  is  best  obtained 
with  Loeffler's  "  alkaline  methylene-blue."  {For  preparation  see  section 
on  Staining,  p.  96.)  Stained  with  thia  solution  for  five  to  ten  minutes 
many  of  the  bacilli  appear  traversed  by  unstained  transverae  bands 
which  give  them  a  striped  or  beaded  appearance.  The  longer  indi- 
viduals often  have  a  strong  resemblance  to  short  chains  of  strepto- 
cocci. Others  may  appear  unevenly  granular.  In  cultures  which 
are  about  eighteen  hours  old,  many  of  the  bapilli  may  show  deeply 
stained  oval  bodies  situated  most  frwquently  at  the  ends.  These  are 
the  so-called  "polar"  or  "Babes-Ernst"  bodies.'  Special  stains  have 
been  devised  for  the  demonstration  of  these  appearances.  One  of  these 
was  originated  by  Ncisser,'  who  claims  for  it  differential  value  in 
distinguishing  these  organisms  from  pseudodiphtheria  and  xerosis 
bacilU. 

His  method  requires  two  solutions: 

1.  Methylene  blue  (Grilbler) 1  graoL 

Alcohol,  96  per  c«nt 20    cc 

Glacial  acetic  acid 50    " 

Water 950    " 

2,  Blamarck  brown 2  gmai. 

Water 1,000  C.c 

'  Beck,  in  Kolle  und  WaBsermann,  ii,  p.  773. 
•  Babes,  Zeit.  f.  Hyg.,  Bd.  v,  1889. 
>  Neiiaer,  Zeit.  f.  Hyg.,  iwiv,  1897. 
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The  cover-slip  preparation,  after  having  been  fixed,  ia  stained  with  so- 
lution No.  1  for  one  to  three  eeconds.  It  is  then  washed  in  water  and 
immersed  for  from  three  to  five  seconds  in  solution  No.  2.  With  this 
stain  the  bodies  of  the  bacilli  appear  brown,  the  polar  granules  blue. 

Another  method  which  has  been  extensively  used  is  that  of  Roux. 
The  solutions  required  for  this  are: 

1.  DahHa  violet 1  gram. 

Alcohol,  90  per  cent 10  c.c. 

Aq.  deat ad  100   " 

2.  Methyl  greea 1  graiD. 

Alcohol,  90  per  cent 10  c.c. 

Aq.  dest ad  100    " 

The  two  solutions  are  mixed,  one  part  of  1  being  added  to  three  parts 
of  2.  Preparations  are  stained  in  this  mixture  for  two  minutes.  The 
polar  bodies  appear  a  dark  violet.  Other  methods  for  the  staining  of 
polar  bodies  have  been  recommended. 

The  significance  of  the  polar  bodies  is  not  well  understood.  Their 
discoverer,  Ernst,  r^arded  them  as  bodies  analc^ous  to  the  spores  of 
other  organisms.  The  ease  with  which  they  are  stained,  however,  and 
the  low  temperatures  to  which  the  bacteria  succumb  make  this  appear 
very  unlikely.  A  more  probable  interpretation  seems  to  be  that  of 
Bscherich '  who  regards  them  as  chromatic  granules. 

StEuned  by  Gram's  method,  the  diphtheria  bacilli  retain  the  gentian- 
violet. 

In  stEuned  smears  from  the  throat  or  from  cultures  a  characteristic 
groupii^  of  the  bacilli  has  been  observed.  They  lie  usually  in  small 
clusters,  four  or  five  together,  parallel  to  each  other,  or  at  sharp  angles. 
Two  organbms  may  often  be  seen  attached  to  each  other  by  their  cor- 
responding ends  while  their  bodies  divei^e  to  form  a  "V"  or  "Y"  shape. 

Bitdoglcal  CharacterisUcs.— The  diphtheria  bacillus  is  a  non-motile, 
DOD-flagellated,  non-spore-forming  aerobe.  Its  preference  for  oxygen 
is  marked,  but  it  will  grow  in  anaerobic  environment  in  the  presence  of 
suitable  carbohydrates.  It  does  not  liquefy  gelatin.  The  bacillus  grows 
at  t«mperatures  varying  between  19°  C.  and  42°  C,  the  most  favorable 
temperature  for  its  development  being  37.5°  C.  Temperatures  above 
37,5°,  while  not  entirely  stopping  its  growth,  impede  the  development 
of  its  toxin. 

BesiBtance. — The  thermal  death  point  of  this  organism  is  58°  C  for 
ten  minutes,  according  to  Welch  and  Abbott.  Boiling  kills  it  in  about 
'  £scA«ncA,  "Aetologie,  etc.,  d.  Diphth.,"  Wien,  1894. 
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one  minute.  Low  temperatures,  and  even  freezing,  are  well  borne. 
Desiccation  and  exposure  to  light  are  not  so  fatal  to  this  oi^aian  as 
to  most  of  the  other  pathogenic  bacteria.  Sternberg'  has  found  it 
alive  in  dried  bits  of  the  pseudomembrane  after  fourteen  weeks.  It  is 
easily  killed  by  chemical  dbinfectants  in  the  strengths  customarily 
employed.  HiOj  seems  especially  efficacious  in  killing  the  organisms 
rapidly. 

CultlTation. — The  diphtheria  bacillus  grows  readily  on  most  of  the 
richer  laboratory  media.  It  will  grow  upon  media  made  of  meat  ex- 
tract, but  develops  more  luxuriantly  on  all  those  which  have  a  meat 
infusion  as  their  basis.  While  it  will  grow  upon  both  acid  and  alkaHnc 
media,  it  is  sensitive  to  the  extremes  of  both,  the  most  favorable  reaction 
for  its  development  being  probably  ahout  0.5  per  cent  alkalinity  ex- 
pressed in  terms  of  "  N.iOH-  Animal  proteids  added  to  the  media, 
in  the  form  of  blood  scrum,  ascitic  fluid,  or  even  whole  blood,  increase 
greatly  the  rapidity  and  richness  of  its  growth.  Horse  serum  is  sup- 
posed by  some  to  be  especially  favorable.* 

Loeffier'a  Medium. — The  most  widely  used  medium  for  the  cultiva- 
tion of  this  bacillus  is  the  one  devised  by  Loeffler.    This  consists  of; 

Beef  blood  serum 3  parts 

One  per  cent  ghi»»ie  nicat-infusion  bouMlun 1  part 

The  mixture  is  coagulated  at  70°  C.  in  slanted  tubes  and  sterilized  at 
low  temperatures  by  the  fractional  method.  Upon  this  medium  the 
diphtheria  bacillus  in  twelve  to  twenty-four  hours  develops  minute, 
grayish-white,  glistening  colonies.  These  enlarge  rapidly,  soon  out- 
stripping the  usually  accompanyii^  streptococci.  The  medium  seems 
to  possess  almost  selective  powers  for  the  bacillus  and,  for  this  re.ason, 
it  is  especially  valua})le  for  diagnostic  purposes. 

Meat-Infusion  Agar. — Upon  slightly  alkaline  meat-infusion  ^ar  the 
bacillus  develops  readily,  though  less  so  than  on  Loeffler's  serum.  Or- 
ganisms which  have  been  on  artificial  media  for  one  or  more  genera- 
tions may  grow  with  speed  and  luxuriance  upon  this  medium.  When 
planted  directly  from  the  human  or  animal  body  upon  agar,  however, 
growth  may  occasionally  be  slow  and  extremely  delicate.  Colonies  on 
agar  appear  within  twenty-four  to  thirty-six  hours  as  small,  rather  trans- 
lucent, grayish  specks.  The  appearance  of  these  colonies  is  quite  char- 
acteristic and  easily  recognized  by  the  practiced  observer.    Surface  colo- 

^  Sternberg,  "Manual  Bac.,"  p.  455.  *  Mxchd,  Cent.  f.  Bakt.,  1897. 
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nice  are  insularly  round  or  oval,  showing  a  dark,  heaped-up,  nucleus- 
like  center,  fringed  about  by  a  loose,  coarsely  granular  disk.  The  edges 
have  a  peculiarly  irr^^ular,  torn  appearance  which  distii^uishes  them 
readily  from  the  sharply  defined  streptococcus  colonies.  For  these 
reasons  agar  is  the  medium  most  commonly  used  for  purposes  of  iso- 
lation. 

The  addition  of  dextrose  1  per  cent,  nutrose  2  per  cent,  or  glycerin 
6  per  cent,  renders  agar  more  favorable  for  rapid  growth,  but  unfits  it 
for  the  preservation  of  cultures,  the  oi^anism  dying  out  more  rapidly, 
probably  because  of  acid  formation. 

Meat-Infusion  Broth. — Upon  beef  or  veal  broth  the  diphtheria  bacil- 
lus grows  rapidly,  almost  invariably  forming  a  pellicle  upon  the  surface, 
— another  expression  of  its  desire  for  oxygen.  The  broth  remains  clear. 
Broth  tubes  with  such  growth,  therefore,  have  a  characteristic  appear- 
ance. 

MealAnfusion  gelatin  is  a  favorable  medium  for  the  Klebs-LoefHer 
bacillus,  but  growth  takes  place  slowly  because  of  the  low  temperature 
at  which  this  medium  must  be  kept.    Gelatin  is  not  fluidified. 

Milk  is  an  excellent  medium,  and  for  this  reason  may  even  occa- 
sionally be  a  vehicle  of  transmission.  There  is  no  coagulation  of  the 
milk. 

Upon  potalo,  B.  diphtherise  will  grow  only  after  neutralization  of  the 
acid.    It  is,  at  best,  however,  a  poor  nutrient  medium. 

Upon  the  various  pepton  solutions  the  bacillus  of  diphtheria  produces 
no  indol. 

Many  special  media  have  been  recommended  for  the  cultivation  of 
this  organism.  The  most  important  of  these  are  the  modification  of 
LoefBer's  scrum  devised  by  Beck,'  the  horse-blood-fibrin  cake  used  by 
Escherich,  and  Wassermann's  ascitic-fluid-nutroso-agar,  called  by  him 
"Nasgar."  None  of  these  has  sufficient  advant^^es  over  the  simpler 
media,  however,  to  make  its  substitution  desirable. 

Isolatdon. — Cultures  are  taken  from  throats  upon  Locffler's  blood 
serum.  These  are  permitted  to  grow  at  37.5"  C.  for  from  eighteen  to 
twenty-four  hours.  At  the  end  of  this  time  about  5  c.o.  of  bouillon  are 
poured  into  the  tubes  and  the  growth  is  gently  emulsified  in  the  broth 
with  a  platinum  loop.  Two  or  three  loopfuls  of  this  emulsion  are  then 
streaked  over  the  surface  of  glucose  ^ar,  serum  agar,  or  nutrose  agar. 
After  twenty-four  hours'  incubation  these  plates  show  characteristic 

>  M.  Beck,  Kolle  und  Wassermann;  Brit.  Med.  Jour. 
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colonies  which  can  be  easily  fished  and  again  transferred  to  Loeffler 
tubes  or  any  other  suitable  medium, 

Dia^mii. — Cultures  from  suspected  throats  are  taken  on  LodSer'g 
blood  serum  medium  and  incubated  at  37.5°  C.  for  12  to  18  hours.    At 
the  end  nf  this  time  morphological  examination  by  staining  with  Loef- 
fler's  alkaline  methylene  blue  and  by  some  polar  body  stain  like  that 
of  Neisser  is  carried  out.     Occa- 
sionally   direct   smears    from   the 
throat  may  show  the  bacilli,  but  it 
is  rarely  possible  to  make  a  satis- 
factory diagnosis  in  this  way. 

Williams  has  pointed  out  that  in 
.throat  cultures  in  which  the  diph- 
theria bacilli  are  few  in  number 
it  is  of  advantage  to  inoculate  a 
tube  of  ascitic  broth  with  the 
mixed  culture.  The  diphtheria  ba- 
cilli will  appear  in  eighteen  to 
twenty-four  hours  as  a  pellicle  on 
the  surface.  A  portion  of  this 
Fio.  106.— CotoNiEB  OP  Bacillos  pellicle  may  then  be  plated  on 
DiPHTUEKif  ON  Gltcerin  Aoar.  Bscitlc  agsr  and  isolated  in  pure 

culture  from  the  colonies. 
Pathogenicity. — Bacillus  diphtherife  causes  a  more  or  less  specifie 
local  reaction  in  mucous  membranes,  which  results  in  the  formation  of 
the  so-called  "pseudo-membranes."  When  these  are  characteristically 
present,  infection  with  this  bacillus  should  always  be  suspected.  The 
consequent  disease  depends,  in  part,  upon  the  mechanical  disturbance 
caused  by  these  false  membranes  and,  in  part,  upon  the  systemic  poi- 
soning with  the  toxin  which  the  bacilli  produce.  Although  the  diph- 
theria bacillus  has  been  found  after  death  in  the  spleen  and  liver,  we 
have  no  data  which  would  justify  the  assumption  that  a  true  diph- 
theri  a -septicemia  may  occur  during  life.  It  is  probable  that  in  those 
cases  which  Baginskj'  ^  has  called  the  septicemic  form  of  diphtheria, 
Bacillus  diphtheria?  has  merely  opened  a  path  by  which  accompanying 
streptococci  have  gained  access  to  the  lymphatics  and  the  blood  stream. 
The  most  frequent  sites  of  diphtheritic  inflammation  are  the  mncona 
membrnnes  of  the  throat,  larynx,  and  nose.     They  have  also  been 

'  Boffinaky,  "Lehrbuch  d.  Kinderkrtuikheiteii," 
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found  in  the  car,  upon  the  mucous  membrane  of  the  stomach  and  the 
valva,  and  upon  the  conjunctiva  and  the  skin.  According  to  Loeffler, 
Strelitz,*  and  others,  the  bacillus  may,  by  extension  from  the  larynx, 
give  rise  to  a  true  diphtheritic  broncho-pneumonia. 

For  the  usual  laboratory  animals  the  diphtheria  bacillua  is  very 
pathogenic.  Dogs,  cats,  fowl,  rabbits,  and  giiinea-pigs  are  susceptible. 
Rats  and  mice  are  resistant.  False  membranes,  analogous  to  those 
found  in  human  beings,  have  been  produced  in  many  animals,  but 
only  when  inoculation  had  been  preceded  by  meclianical  injury  of  the 
mucosa.  Small  quantities  (0.5  to  1  c.e.)  of  a  virulent  broth  culture, 
given  subcutaneously  to  a  guinea-pig,  may  produce  the  gravest  symp- 
toms and  within  six  to  eight  hours  the  animal  may  show  signs  of  great 
discomfort.  Death  occurs  usually  within  thirty-six  to  seventy-two 
hours.  Upon  autopsy  the  point  of  inoculation  is  soggy  with  serosan- 
gttineons  exudate;  neighboring  lymph-nodes  are  edematous.  Lungs, 
liver,  spleen,  and  kidneys  are  congested.  There  may  be  pleuritic  and 
peritoneal  exudates.  Pathognomonic  is  a  severe  congestion  of  both 
suprarenal  bodies.  The  gastric  ulceration  recently  described  by  Rose- 
nan  and  Anderson  *  may  occur,  but  are  by  no  means  regularly  found 
(two  out  of  fifty  in  our  series '). 

Determination  of  Virulence. — When  diphtheria  or  diphtheria-like 
bacilli  are  isolated  from  the  throats  of  patients  not  showing  typical 
clinical  diphtheria,  or  from  healthy  individuals  suspected  of  being 
carriers,  it  is  important  to  determine  whether  these  organisms  are  viru- 
lent. The  usual  criterion  is  their  virulence  for  guinea-pigs.  Two  c.e, 
of  a  forty -eight- hour  broth  or  ascitic  broth  culture  are  injected  sub- 
cutaneously into  a  normal  guinea-pig.  This  dose  will  kill  the  pig  in 
three  to  five  days  if  the  culture  is  virulent.  A  control  injection  should 
always  be  made  into  another  pig  of  the  same  weight,  which  has 
previously  received  an  injection  of  antitosin  (at  least  250  units). 
Recently  Neisaer  has  suggested  that  the  intracutaneous  injection  of 
the  suspected  bacilli  may  be  used  for  the  determination  of  virulence. 
This  has  the  advantage  of  economy,  as  several  tests  can  be  carried 
out  on  the  same  pig.  The  method  as  applied  by  Kingher  and  Soletsky  * 
has  been  to  use  the  following  modification  of  Neisser's  method:  Two 
gninea-pigs  of  about  250  gr.  are  used  for  the  test.     The  abdominal 

^Strdilz,  Arch.  f.  Kinderheilk.,  1891. 

'  Rosenaii  and  Anderson,  Jour.  Inf.  Dis.,  iv,  1907. 

•Zinsser,  Journ.  Med.  Rrai..  xvii,  1907. 

*  Zingher  and  Solelsky,  Jour.  Int.  Dif-,  1916,  xvii,  54. 
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wall  is  prepared  by  shaving  or  plucking  out  the  hair.  A  twen^-four- 
hour  pure  culture  on  LoefHer'B  medium  is  emulsified  in  20  c.c.  of 
□ormal  salt  solutiun  and  0.15  c.c.  of  this  suspeosion  is  injected  intra- 
cutaneously  at  a  corresponding  site  into  each  of  the  two  guinea-pigs. 
One  of  these  animals  is  given  at  the  same  time  an  intracardial  injec- 
tion of  about  250  units  of  antitoxin,  or  is  prepared  by  an  intraperi- 
toneal injection  of  antitoxin  twenty-four  hours  before  the  tests  are 
made.  Six  cultures  may  be  tested  in  this  way  on  two  animals.  Viru- 
lent strains  produce  a  definitely  circumscribed  local  infiltrated  leeioD, 
which  shows  superficial  necrosis  in  two  to  three  days.  In  the  control 
pig  the  skin  remains  normal.  This  method,  in  the  hands  of  Zingher, 
gives  results  parallel  to  those  obtained  with  the  subcutaneous  tests. 

Diphtheria  Toxin.' — Animals  and  man  infected  with  B.  diphtberiee 
show  evidences  of  severe  systemic  disturbances  and  even  organic  de- 
generations, while  the  microorganism  itself  can  1)e  found  in  the  local 
lesion  only.  This  fact  led  even  the  earliest  observers  to  suspect  that, 
in  part  at  least,  the  harmful  results  of  such  an  infection  were  attrib- 
utable to  a  soluble  and  diffusible  poison  elaborated  by  the  bacillua.  The 
actual  existence  of  siich  a  poison  or  toxin  was  definitely  proved  by 
Roux  and  Yersin  '  in  1889.  They  demonstrated  that  broth  cultures  in 
which  B.  diphtheriic  had  been  grown  for  varying  periods  would  remain 
toxic  for  guinea-pigs  after  the  organisms  themselves  had  been  removed 
from  the  culture  fluid  by  filtration  through  a  Chamberland  filter. 

Methods  op  Pkodijction  of  Dipiithekia  Toxin. — While  toxin  can 
be  produced  with  almost  all  nf  the  virulent  diphtheria  bacilli,  there  is 
great  variation  in  the  speed  and  degree  of  production,  dependent  upon 
the  strain  of  organisms  employed  and  upon  the  ingredients  and  reac- 
tion of  the  medium  upon  which  tliey  are  grown.  Most  laboratoriea 
possess  one  or  several  strains  of  bacilli' which  are  empirically  known 
to  be  especially  potent  in  this  respect.  One  of  the  most  extensively 
used,  not  only  in  this  country  but  in  Europe  as  well,  is  the  strain 
known  as  "Culture  Americana,"  or  "Park-Williams  Bacillus  No.  8,*' 
an  organism  i.solated  by  Dr.  Anna  Williams  of  the  New  York  Depart- 
ment of  Health  in  1894.  Throughout  more  than  ten  years  of  cultiva- 
tion this  bacillus  has  retained  its  great  power  of  toxin  production. 

Because  of  the  severity  of  cases  of  diphtheria  in  which  the  diph- 
theria bacilli  were  associated  with  streptococci,  many  observers  were 
led  to  believe  that  the  presence  of  streptococci  tended  to  increase  the 

'  Loeffier,  Cent.  f.  Bftkt.,  1887.  >  Bom  Mid  Vwiw,  loc.  dt. 
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toxin-producing  power  of  B.  diphtherite.     Experiments  by  Hiibert, ' 
Theobald  Smith,^  and  others  seem  to  have  given  support  to  this  view. 

The  medium  most  frequently  employed  for  the  production  of  toxin 
18'  a  beef -infusion  broth.  There  are  minor  differences  of  opinion  aa  to 
the  most  favorable  cooatitution  of  this  medium  for  the  production  of 
toxin.  All  agree,  however,  in  recognizing  the  importance  of  peptone, 
without  which,  according  to  Madseii,^  no  satisfactory  toxin  has  yet  been 
produced.  This  is  added  in  proportions  of  from  one  to  two  per  cent. 
The  presence  of  sugars  in  the  medium  is  not  desirable  in  that  it  leads 
to  acid  production;  L.  Martin*  removes  the  sugars  from  the  meat  by 
fermentation  with  yeast.  Smith "  accomplishes  the  same  purpose  with 
B,  coli.  According  to  Park  and  Williams,'  hofrever,  this  is  super- 
fluous, the  quantity  of  sugar  present  in  ordinary  butcher's  meat  not 
being  sufficient  to  exert  unfavorable  influence. 

Experience  has  shown  that  a  primary  alkaline  reaction  offers  the 
most  favorable  conditions  for  toxin  production.  In  all  cultures  of  B. 
diphtherise  iu  non-sugar  free  broth,  there  is,  at  first,  a  production  of 
acid  and,  while  this  continues,  there  is,  as  Sprotik  ^  has  shown,  little 
or  no  evidence  of  toxin  elaboration.  Park  and  Williams,"  in  an  inquiry 
into  the  question  of  reaction,  came  to  the  conclusion  that  the  best 
results  are  obtained  with  a  broth  to  which,  after  neutralization  to 
tittnus,  ^  N'aOII  is  added  in  an  amount  of  7  c.c.  to  the  liter.  In  such 
a  medium  the  largest  yield  of  toxin  is  obtained  after  about  five  to 
eight  days'  growth  at  a  temperature  of  37.5°  C, 

Free  access  of  oxygen  to  the  culture  medium  during  the  growth 
of  the  organisms  has  been  found  to  be  of  great  importance.  Rous  ob- 
tained this  by  passing  a  stream  of  oxygen  through  the  bouillon.  The 
supply  is  quite  sufficient  for  practical  purposes,  however,  if  the  medium 
is  distributed  in  thin  layers  in  large-necked  Erlenmeyer  flasks. 

Chemical  Natuke  and  Physical  Properties  op  Diphtheria 
Toxin. — The  chemical  composition  of  diphtheria  toxin  is  not  known. 
Brieger  and  Frankel,"  by  repeated  precipitation  with  alcohol,  suc- 

'  Nitbert,  Zeit.  f.  Hyg„  xxix,  1898.  '  Smith.  Medical  Rec,  May,  1896. 

'Afadsen,  Kraus  und  Levaditi,  "Haodbuch  d.  Teehnic,"  etc.,  1907.  . 

*  L.  Martin,  Ann.  de  I'inBt.  Pasteur,  1897. 

*  Th.  Smilk,  Jour.  Exp.  Med.,  iv,  1899. 
*Park  and  WiBianu,  Jour.  Exp.  Med.,  1897. 
'  Spronk,  Ann.  de  I'inst.  Pasteur.  189.'>. 

'  Park  and  FiHianw,  Jour.  Exp.  Med.,  1897. 

*  Brieger  und  Franket,  Berl.  klin.  Woch.,  xi-xii,  1889. 
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ceeded  in  extracting  from  toxic  bouillon  a  white,  water-soluble  powder 
wbicb  possessed  most  of  the  poisonous  properties  of  the  brotli  itself. 
This,  in  solution,  gave  many  of  the  useful  proteid  reactions,  but  dif- 
fered from  proteids  in  failing  to  coagulate  when  boiled  aud  in  not 
giving  precipitates  when  treated  with  magnesium  sulpbate,  sodium 
sulphate,  or  nitric  acid.  It  was  believed  by  them  to  be  closely  related 
to  the  albumoseSf  bodies  representing  intermediate  phases  in  the  pep- 
tonization of  albumins.  Similar  results  have  been  obtained  by  Wa»- 
sermann  and  Proskauer,'  Brieger  and  Boer,*  and  others,  IJschinsky,* 
on  the  other  hand,  has  disputed  the  proteid  nature  of  toxins  in  gen- 
eral, having  produced  diphtheria  toxin  by  growing  the  orgsnism  upon 
a  medium  entirely  free  from  albuminous  bodies.  Uschinsky  believes 
that  the  protein  reactions  observed  by  others  may  be  due  to  ingredi- 
ents of  the  precipitates  other  than  the  toxin.  It  is  not  impossible, 
however,  that  the  organisms  may  have  produced  proteid  substances 
by  synthesis  from  the  simpler  substances  in  Uschinsky  *s  medium.  The 
production  of  toxin  from  such  a  medium,  therefore,  is  not  a  conclusive 
argument  against  the  proteid  nature  of  toxins.  Accurate  chemical  iso- 
lation and  analysis  of  diphtheria  toxin  have  not  yet  been  accomplished. 

Diphtheria  toxin  is  destroyed,*  when  in  the  fluid  form,  by  tempera- 
tures of  58°  to  60°  C.  In  the  dry  state,  it  resists  a  temperature  of 
70°  C.  and  over,  without  change.  Light  and  free  access  of  air  produce 
rapid  deterioration.  Sealed,  protected  from  light,  and  kept  at  almost 
freezing  point,  the  toxin  remains  stable  for  long  periods.  Electrical 
currents  passed  through  toxic  broth  have  little  or  no  effect  uj>on  it. 

TrannniiBioa. — Diphtheria  is  transmitted  from  one  individual  to 
another  directly  or  indirectly  by  contact  or  droplet  infection — as  in 
coughing,  etc.  It  has  been  found  that  individuals  may  retain  virulent 
diphtheria  bacilli  in  nose  and  throat  for  long  periods  after  recovery 
from  the  disease.     These  arc  the  so-called  "diphtheria  carriers." 

The  problem  of  diphtheria  carriers  has  become  one  of  considerable 
importance  and  has  been  given  special  prominence  of  recent  years  by 
the  studies  of  Von  Scholly,  Moss,  and  Nuttall  and  Oraham  Smith. 
Anderson,  Goldberger  and  Hachtel '  studied  4,039  healthy  people  in 

'  Wa»»emann  und  Pro»kauer,  Deut.  med.  Woch.,  1891,  p.  585. 
>  BnegcT  und  Boer,  Deut.  med.  Woch.,  1896,  p.  783, 
'  Utchinsky,  Cent.  f.  Bakt..  xxi,  1897. 

*  Rttox  et  Yersin,  loc,  cit. 

*  OoltttierotT,  Williams  and  Hachiel,  Bull.  No.  101,  ol  the  Hygjenic  Lab<H»toriea, 
of  the  U.  3.  Public  Health  Service. 
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the  city  of  Detroit,  and  found  that  0.928%  harbored  bacilli  identical 
morpholc^cally  with  the  Klebs-Loeffler  bacillus.  Thia  figure  is  rather 
lower  than  those  of  some  other  investigators,  but  would  indicate,  aa 
the  writers  stated,  that  there  were  from  5,000  to  6,000  diphtheria  car- 
riers in  the  city  of  Detroit. 

Of  19  cultures  isolated  from  19  of  the  carriers,  only  2  were  virulent, 
which  would  indicate  that  only  0.097%  of  the  people  examined  carried 
ot^anisms  capable  of  producing  disease.  An  interesting  further  point 
is  that  the  bacillus  Hoffmanni  was  present  in  at  least  41.9%  of  over 
2,000  individuals  examined,  and  that  47  cultures,  morphologically 
identified  as  Baeillus  Hoft'manni,  were  avirulent.  This  would  confirm 
the  impression  gained,  we  believe,  by  most  experienced  laboratory 
workers  that  a  true  Hoffmanni  can  be  .distinguished  with  considerable 
certainty  from  a  Klebs-Loeffler  bacillus  by  morphological  examination 
alone,  and  that  its  significance  is  probably  that  of  a  frequently  present 
saprophyte  of  the  throat  and  pharynx.  The  studies  of  Goldberger, 
Williams  and  Hachtel  also  indicate  that  in  examining  for  diphtheria 
carriers  it  is  best  not  to  confine  oneself  either  to  the  nose  or  throat,  but 
that  cultures  should  be  taken  from  both  places  in  every  case. 

Bacteria  Similar  to  Bacillns  Biphtheris.— Bacii.i.us  Hofpuanni 
{Pseudodipktkeria  bacillus). — Hoflfmaun-WellenhofE,'  in  1888,  and,  at 
almost  the  same  time,  Loeffler,'  described  bacilli  which  they  had  culti- 
vated from  the  throats  of  normal  persons  and  in  several  instances  from 
those  of  diphtheritic  persons,  which  were  in  many  respects  similar  to 
true  B.  diphtheria,  but  differed  from  thia  chiefly  in  being  non-patho- 
genic for  guinea-pigs.  These  organisms  were  at  first  regarded  by  some 
observera.as  merely  attenuated  diphtheria  bacilli.  More  recent  inves- 
tigations, however,  prove  them  to  be  unquestionably  a  separate  species, 
easily  differentiable  by  proper  methods.  They  differ  from  B.  diph- 
theriffi  in  so  many  important  features,  moreover,  that  the  term  "pseu- 
dodiphtheria  bacillus"  is  hardly  an  appropriate  one  for  them. 

Morphology. — Bacillus  Hoffmanni  is  shorter  and  thicker  than  Ba- 
cillus diphtheria.  It  is  usually  straight  and  slightly  clubbed  at  one 
end,  rarely  at  both.  Stained  with  Loeffler's  blue  it  occasionally  shoivs 
unstained  transverse  bands;  unlike  B.  diphtheriie,  however,  these  bands 
hardly  ever  exceed  one  or  two  in  number  at  most.  In  many  cultures 
the  single  transverse  band  gives  the  bacillus  a  diplococeoid  appearance. 

'  Hi^mann-WelUnltoff.  Wien.  med.  Woch.,  iii,  1888. 
'Lo^fier,  Cent.  f.  B^t.,  ii,  1887. 
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Staivi>ig. — Stained  by  Neisser's  or  Roux's  method,  no  polar  bodies 
can  be  demonstrated.  The  bacillus  forms  no  spores,  is  noD-motile,  and 
possesses  no  tla);eila. 

Cultivation.— On  the  usual  culture  media  B.  Hoffmann!  grows  more 
iuxuriantly  than  B.  diphtheriie,  developing  even  in  first  isolations  from 
the  human  body  upon  the  simple  meat-extract  media.  On  agar  plates 
its  colonies  are  larger,  less  transparent,  and  whiter  than  are  those  of 
true  diphtheria  bacilli.  In  fluid  media 
there  is  even  clouding  and  less  ten- 
dency to  the  formation  of  a  pellicle 
than  with  B.  diphtherise.  A  positive 
means  of  distinction  between  the  two  is 
given  by  the  inability  of  B.  Iloftmanni 
to  form  acid  upon  various  sugar  media. 
The  differentiation  on  a  basis  of  arid 
formation  was  first  attempted  by  Cob- 
bett '  and  has  been  recently  worlied  out 
systematically  by  Knapp,*  and  con- 
firmed by  various  observers,'  The  re- 
sults of  this  work,  eattied  out  with  the 
serum-water  media  of  Hiss,  to  which 
various  sugars  were  added,  show  that 

IB.  Hoffmanni  forms  acid  upon  none  of 
the   sugars   used,   while   B.    diphtheris 
Fio.  107.— Bachj-us  HoFruANNi.   acidifies  and  coagulates  media  contain- 
ing monosaccharids  and  several  of  the 
more  complex  sugars,  as  given  in  the  diagram  in  the  section  followii^, 
dealing  with  B.  xerosis. 

Differentiation  can  finally  be  made  on  the  basis  of  animal  pathi^ 
genicity,  B.  Hoffmanni  being  entirely  innocuous  to  the  ordinary  labora- 
tory animals.  B.  Hoffmanni  forms  no  toxins,  and  animals  immunized 
with  it  do  not  possess  increased  resistance  to  B.  diphtherie. 

Bacillus  xerosis. — In  1884,  Kutschert  and  Neiaser '  described  a 
bacillus,  isolated  from  the  eyes  of  patients  suffering  from  a  form  of 
chronic  conjunctivitis  known  as  xerosis.  This  bacillus,,  which,  morpho- 
logically, is  almost  identical  with  B.  diphtherite,  they  believed  to  be  the 
etiological  factor  of  tlie  disease.    The  frequency  with  which  it  has  been 

'  Cobbell,  Cent.  (.  Bakf ..  1S08.         '  Knapp,  Jour.  Med.  Rea.,  vii,  1904. 

•  Graham  Smith,  Jour,  of  Hy([.,  vi,  1906;  Zinsser,  Jour.  Med.  Rm.,  xvii,  1907. 

<  KiitKhert  uod  Ncister,  Deut.  mcd.  Woch.,  nxiv,  !884. 
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isolated  from  normal  eyes,  precludes  this  etiological  relationship,  and 
it  may  safely  be  regarded  as  a  harmless  parasite  which  may  indeed  be 
more  abundant  in  the  slightly  inflamed  than  in  the  normal  conjunctiva. 

Morphology. — B.  xerosis  resembles  B.  diphtheria  closely.     It  is 
occasionally  shorter  than  this,  but  on  the  whole  no  absolute  morpho- 
logical differentiation  between  the 
two  is  possible.    It  forms  no  spores 
and  is  non-motile.     Polar  bodies 
may  occasionally  be  seen. 

Cultivation.  —  On  Loeffler's 
blood  serum,  on  agar,  glycerin 
agar,  and  in  broth,  its  growth  is 
very  similar  to  that  of  B,  diph- 
theriffi,  bat  more  delicate  through- 
out. It  cannot  easily  be  cultivated 
upon  the  simple  meat -extract 
media,  nor  will  it  grow  on  gelatin 
at  room  temperature.  Its  colonies 
on  glycerin  or  glucose  agar  are 
microscopically  identical  with 
those  of  B.  diphtheriie. 

IHfferentiation.-lt  differs  p,^  io8.-Colonies  of  Bacillus 
from   B.  diphtheriffi   distinctly   in  Hoffmanni  on  Aoak. 

its    acidifying    action    on    sugar 

media.  These  relations  were  first  worked  out  by  Knapp  for  various 
SDgars  and  the  alcohol  mannit,  and  have  been  extensively  confirmed 
by  others.    See  table  on  page  526. 

A  reference  to  the  table  shows  that  differentiation  may  be  made 
by  the  use  of  two  sugars — saccharose  and  dextrin.  B,  diphtherite 
forms  acid  from  dextrin,  not  from  saccharose  j  B,  xerosis  from  saccha- 
rose, not  from  dextrin ;  B.  Hoffmanni  does  not  form  acid  from  either. 

B.  xerosis  is  non-pathogenic  to  animals  and  forms  no  toxin. 

The  Diphtheroid  Bacilli.^ln  addition  to  the  bacteria  mentioned 
above,  there  is  a  large  group  of  microorganisms  spoken  of  as  the  diph- 
theroid bacUli,  largely  because  of  their  morphological  resemblance  to 
the  diphtheria  bacillus.  For  this  group,  Lehman  and  Neumann  have 
su^ested  the  terra  corynebactcrium.  The  characteristics  of  this  group 
are  a  morphological  similarity  to  the  diphtheria  bacillus,  that  they  are 
Gram-positive,  non-motile,  often  show  metachromatic  grannies  and 
have  no  spores.    It  is  not,  at  the  present  writing,  possible  to  formulate 
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a  classification  of  these  org&Disms.    They  are  apparently  very  nnmer- 
ous  and  have  been  isolated  from  a  great  many  different  sources,  both 


HissHcrum- 

»ater  media  plus  1  % 

B.  Xerou* 

B.  UoOmUtfi 

Dextroae. 

+ 

+ 

+ 
+ 

in  connection  with  the  human  body  and  in  nature.    Recently  Bunting 
and  Yates  have  claimed  that  an  oi^anism  of  this  group  has  etiolo^cal 
connection  with  Hodgkin's  disease.    Studies  by  many  other  workers, 
notably  by  Bloomfield  and  Fox,  and  studies  going  on  in  our  own 
laboratory  show  that  organisms  very 
similar  to  these  strains  can  be  isola- 
ted from  the  skin,   from   the  lymph 
nodes  of  healthy  and  diseased  people, 
from  ascitic  fluid  in  varying  condi- 
tions,   and    from    supposedly   sterile 
tissues.    They  are  frequently  present 
in  the  nasal  mucus  and  in  the  throat, 
and  are  so  ubiquitous  that  any  asso- 
ciation of  them  with  specific  disease 
FiQ.  109. — Bacillits  xerosis.         must     be    very     conservatively    ap- 
proached. 
Very  similar  to  this  group  are  the  bacilli  of  pseudo-tuberculosis 
ovis,  isolated  from  necrotic  lesions  in  the  kidneys  of  sheep  by  Preisz 
and  Nocard.    It  is  impossible  at  present  to  do  more  than  indicate  that 
the  "diphtheroid  bacilli"  are  a  large  heterogeneous  group,  held  to- 
gether by  morpholt^ical  and  superficial  cultural  similarity  and  largdy 
consisting  of  saprophytes  and  probably  harmless  parasites  on  the  hu- 
man and  animal  body. 

Shick  Beaction. — The  studies  of  Roemer  and  others  have  diown 
that  the  blood  of  the  majority  of  normal  adults  contains  a  small 
amount  of  diphtheria  antitoxin.  This  normal  antitoxin  probably  ac- 
counts for  resistance  of  many  individuals  to  diphtheria.  Its  presence 
may  be  very  easily  detected  by  means  of  the  Shick  reaction.  A  stand- 
ardized diphtheria  toxin  is  diluted  in  normal  saline  so  that  0.1  c.c.  of 
the  solution  contains  1/50  M.L.D.  for  a  guinea-pig.  This  amount  is 
injected  intra  en  taneously.  If  the  blood  of  the  subject  has  less  than 
1/30  unit  of  antitoxin  per  c.c,  a  positive  reaction  appears  in  twenty- 
four  to  thirty-six  hours,  which  consists  in  a  slight  infiltration  of  skin 
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an rrou oiled  by  a  red  areola,  odc  to  two  cm,  in  diameter.  A  negative 
n'aetion  indicates  that  sufficient  natural  antitoxin  is  present  to  pro- 
tect the  individual  against  diphtheria,  although  he  may  nevertheless 
harbor  the  bacilli  as  a  carrier.  It  has  been  found  uoBecessary  to  give 
prophylactic  injections  of  antitoxin  to  individuals  with  a  negative 
Shick  reaction.  Park  and  Zingher  *  have  found  that  negative  reactions 
were  obtained  in  93  per  cent  of  the  new-born,  and  became  less  fre- 
(juent  up  to  the  second  or  fifth  year,  when  37  per  cent  were  negative. 
In  older  children  negative  reactions  were  more  frequently  met  with, 
and  about  90  per  cent  of  adu1t»  were  negative.  A  paeudoreaction 
which  appears  °arlier  than  the  true  reaction  and  which  disappears  in 
twenty-four  to  forty-eight  hours  is  occasionally  seen  in  individuals 
who  have  natural  antitoxin.  This  is  due  to  sensitiveneas  to  some  of 
the  proteins  used  in  the  injection,  and  may  be  reproduced  in  the  same 
individual  by  the  injection  of  autolysate  of  diphtheria  bacilli  or  some- 
times by  the  injection  of  broth  media.  The  most  satisfactory  method 
for  detection  of  the  pseudoreaction  is  to  make  a  control  injection  of 
1/50  MX.D,  of  a  toxin  which  has  been  heated  at  80°  C.  for  five 
minutes.  This  heating  destroys  the  toxin,  but  leaves  uninjured  the 
substances  which  produce  the  pseudoreaction. 

Active  Immimitatioa  with  Neutralized  Diphtheria  Toxin. — It  was 
suggested  some  years  ago  by  Theobald  Smith  that  more  lasting  prophy- 
lactic immunity  in  diphtheria  might  be  produced  if  individuals  were 
stimulated  to  produce  their  own  antitoxin  by  injection  of  toxin-anti- 
toxin mixture.  This  method  has  recently  been  applied  by  Behring  and 
by  Park  and  Zingher.'  It  has  been  found  that  individuals  who  have 
no  natural  antitoxin,  as  shown  by  a  positive  Shick  reaction,  may  be 
rendered  Shiek-negative  by  injection  of  diphtheria  toxin  partially  neu- 
tralized by  antitoxin.  For  this  purpose  Park  and  Zingher  recommend 
three  injections  at  intervals  of  six  or  seven  days,  consisting  of  1  c.c. 
of  toxiD-antitoxin  mixture  plus  1,000,000,000  killed  diphtheria  bacilli. 
T^^p  mixture  is  made  up  to  contain  85  to  90  per  cent  of  an  L.  +  dose 
of  toxin,  per  unit  of  antitoxin.  The  toxin  used  contains  about  four 
L.  +  doses  per  c.c.  Individuals  treated  in  this  way  develop  antitoxin 
slowly,  and  in  many  instances  their  Shick  reaction  does  not  become 
n^ative  for  from  six  to  eight  months  after  immunization.  A  few  indi- 
viduals apparently  do  not  respond  to  such  immunization  by  the  devel- 
opment of  antitoxin  and  remain  Shiek-positive. 

>  Park  and  Ziituker,  Am.  Jour.  Pub.  Health,  1916,  vi,  p.  431. 

*  Park  and  Zingher,  Jour.  Am.  Med.  Asb.,  191S,  bcv,  p.  2216. 
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CHAPTER  XXXVI 

BACILLUS   MALLEI 
{Glanders  Bacillus) 

GtiANDERS  is  an  infectious  disease  prevalent  chiefly  among  hoises, 
but  transmitted  occasionally  to  other  domestic  animals  and  to  man. 
The  microorganism  causing  the  disease,  though  seen  and  descnbed  by 
several  earlier  authors,  was  first  obtained  in  pure  culture  and  accurately 
studied  by  Loeffler  and  Schiitz '  in  1882. 

Hoiphology  and  Staining. — The  glanders  bacillus  or  B.  mallei  is  a 
rather  small  rod  with  rounded  ends.'  Its  length  varies  from  3  to  4 
micra,  its  breadth  from  0.5  to  0.75  micron.  Variation  in  siie  be- 
tween separate  individuals  in  the  same  culture  is  characteristic.  Thf 
rods  are  usually  straight,  but  may  show  a  slight  curvature.  The  bacillus 
is  non-motile.  There  are  no  flagella  and  no  spores  are  formed.  The 
grouping  of  the  bacilli  in  smears  shows  nothing  very  characteristic. 
Usually  they  appear  as  single  bacilli  lying  irregularly  parallel,  often  in 
chains  of  two  or  more.  In  old  cultures,  involution  forms  appear  which 
are  short,  vacuolated,  and  almost  coccoid. 

While  the  glanders  bacillus  stains  rather  easOy  with  the  usual  anilia 
dyes,  it  is  so  easily  decolorized  that  especial  care  in  preparing  specimens 
must  be  observed.  Stained  in  the  usual  manner  with  methylene-blue. 
it  shows  marked  irregularity  in  its  staining  qualities;  granular,  deeply 
staining  areas  alternating  with  very  faintly  stained  or  entirely  unstained 
portions.  This  diagnostic  ally  helpful  characteristic  has  been  variously 
intcrprctiHl  as  a  mark  of  degeneration  or  a  preparatory  stage  forsporula- 
tion.  It  is  probably  neither  of  the  two,  but  an  inherent  irregularity  in 
the  normal  protoplasmic  composition  of  the  bacillus,  not  unlike  that 
f  B.  diphthcriie.  The  bacillus  is  decolorized  by  Gram's  method  of 
staining. 

Cultivation.— The  glanders  bacillus  is  easily  grown  on  all  of  the 


■  Loeffler  und  SehuU,  Dent.  med.  Woch.,  1882. 
*  Loeffler,  Arb.  a.  d.  kaia.  Gesundheiteunt,  1886. 
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usual  meat-mfusion  media.  It  is  practically  indifFereDt  to  moderate 
variations  in  reaction,  growing  equally  well  upon  neutral,  slightly  acid, 
or  slightly  alkaline  culture  media.  Glycerin  or  small  quantities  of 
glucose  added  to  media  seem  to  render  them  more  favorable  for  the 
cultivation  of  this  bacillus. 

Upon  agar  the  colonies  show  little  that  is  characteristic.  They 
appear  aftor  twenty-four  hours  at  37.5°  C.  as  yellowish-white  spots, 
at  first  tnui^arent,  later  more  opaque.     They  are  round,  with  an  even 


FiQ.  110. — Olamders  Baciu-us.    From  potato  culture.    (After  Zettuow.) 

border,  and  microscopically  appear  finely  granular.  The  older  the  cul- 
tures are,  the  more  yellow  do  they  appear. 

On  gelatin  at  room  temperature,  growth  is  slow,  grayish-white,  and 
no  liquefaction  of  the  gelatin  occurs.  Growth  upon  this  medium  ie 
never  abundant. 

In  broth,  there  is,  at  first,  diffuse  clouding,  later  a  heavy,  tough, 
slimy  sediment  is  formed.  At  the  same  time  the  surface  is  covered  with 
a  similarly  slimy  pellicle.  The  broth  gradually  assumes  a  dark  brown 
color. 

In  milk,  coagulation  takes  place  slowly.  -  In  litmus  milk,  acidifica- 
tion is  indicated. 

The  growth  upon  potaio  presents  certain  features  which  are  dlagnos- 
tically  valuable.  On  potatoes  which  are  not  too  acid  growth  ls  abundant 
and  within  forty-eight  hours  covers  the  surface  as  a  yellowish,  trans- 
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parent,  ^Umy  layer.  This  gradually  grows  darker  until  it  has  assumed 
a  daep  reddish-brown  hue.  In  using  this  feature  of  the  growth  diagnos- 
tically,  it  must  not  be  forgotten  that  a  vOry  aimilar  appearance  upon 
potato  occurs  in  the  caee  of  B.  pyocyaneus. 

Biological  Oonudsratloiu. — Bacillus  mallei  \a  aerobic'  Growth  under 
anaerobic  conditiooB  may  take  place,  but  it  is  slow  and  impoverishe.1. 
The  most  favorable  temperature  for  its  cultivation  is  37.5°  C.  It 
fails  to  develop  at  temperatures  below  22°  C.  or  above  43°  C.  On 
artificial  media,  if  kept  cool  and  in  the  dark,  and  in  sealed  tubes,  the 
glanders  bacillus  will  retain  its  viability  for  months  and  yeaw.  On 
gelatin  and  in  bouillon,  it  lives  for  a  longer  time  than  on  th<'  other  media. 
Exposed  to  strong  sunlight  it  is  killetl  within  twenty-four  hours.  Heat- 
ing to  60°  C.  kills  it  in  two  hours,  to  75°  C.  within  one  hour.  Thorough 
drying  kills  the  glanders  bacillus  in  a  short  time.  In  water,  under  the 
protected  conditions  that  are  apt  to  prevail  in  watering-troughs,  the 
bacillus  may  remain  alive  for  over  seventy  days.  The  resistance  to 
chemical  disinfectants  is  not  very  high.'  Carbolic  acid,  one  per  cent, 
kills  it  in  thirty  minutes,  bichlorid  of  mercury,  O.I  per  cent,  in  6lteen 
minutes. 

Pathogonlcity. — Spontaneous  infection  with  the  glandeni  bacillus 
occurs  most  frequently  in  horses.  It  occurs  also  in  asses,  in  cat^,  and, 
more  rarely,  in  dogs.  In  man  the  disease  is  not  infrequent  and  b 
usually  contracted  by  those  in  habitual  contact  with  horses.  Experi- 
mental inoculation  is  successful  in  guinea-pigs  and  rabbits.  Cattle, 
hogs,  rata,  and  birds  are  immune  to  experimental  and  spontaneous 
infectiomi  alike. 

Spontaneous  infection  takes  place  by  entrance  through  the  broken 
skin,  through  the  mucosa  of  the  mouth  or  nasal  passages.  Infection  in 
horses  not  infrequently  takes  place  through  the  digestive  tract.'  In  all 
cases,  so  far  as  we  know,  previous  injury  to  either  the  skin  or  to  the 
mucosa  is  necessary  for  penetration  of  the  bacilli  and  the  development 
of  the  disease. 

Glanders  in  horses  may  occur  in  an  acute  or  chronic  form,  dci>ending 
upon  the  relative  virulence  of  the  infecting  culture  and  the  susceptibility 
of  the  subject.  The  more  acute  form  of  the  disea.se  is  usually  limited 
to  the  nasal  mucosa  and  upper  respiratory  tract.  The  more  chronic 
type  of  the  disease  is  often  accompanied  by  midtiplc  swellings  of  the 

'  Loeffier.  loc.  cit.  *  Fiitger,  Ziegler'a  Beitr..  vi,  1889, 

"  Nocard,  Bull.  <lc  la  Boc.  centr.  de  raCil.  v^t.,  1894, 
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Bkin  and  general  lymphatic  enlargement.     This  form  is  often  spoken  of 
as  "farcy." 

Acute  glanders  in  the  horse  begins  violently  with  fever  and  prostra- 
tion. After  two  or  three  days  there  is  a  nasal  discbarge,  at  first  serous, 
later  seropurulent.  At  the  same  time  there  b  ulceration  of  the  nasal 
mucosa  and  acute  swelling  of  the  neighboring  Ijonph  nodes.  These 
may  break  down  and  form  deep  pus-discharging  sinusee  and  ulcera. 


P'lO.  111. — Glanders  Bacilu   in  Tissue.      (From  a  drawing  furnished  hy 
Dr.  James  Ewing.) 

Finally,  there  is  involvement  of  the  lungs  and  death  within  four  to  six 
weeks. 

When  the  disease  takes  the  chronic  form  the  onset  is  more  gradual. 
Concomitant  witli  the  nasal  inflammation  there  is  a  formation  of  subcu- 
taneous swellings  all  over  the  body,  some  of  which  show  a  tendency  to 
break  down  and  ulcerate.  Together  with  this  the  lymphatics  all  over 
the  body  become  enlarged.  The  disease  may  last  for  several  years,  and 
occasionally  may  end  in  complete  cure.     In  horses  the  chronic  form  of 


Digitized  by  Google 


532  PATHOGENIC  MICROORGANISMS 

the  disease  is  by  far  the  more  frequent.  In  man  the  disease  is  simiUr 
to  that  of  the  horse  except  that  the  point  of  origin  is  more  frequently 
in  some  part  of  the  akin  rather  than  in  the  nasal  mucosa,  and  the 
clinival  symptoms  differ  accordingly.  The  onset  is  Usually  violent, 
with  fever  and  systemic  symptoms.  At  the  point  of  infection  a  nodut 
appears,  surrounded  by  lymphangitis  and  swelling.  A  general  papular 
eruption  may  occur.  The  papules  may  become  pustular,  and  th? 
clinical  features  may  thus  simulate  variola.  This  type  of  the  diseas? 
usually  ends  fatally  in  eight  to  ten  days.  The  chronic  form  of  tbe 
disease  in  man  is  much  like  that  in  the  horse,  but  is  more  frequently 
fatal. 

The  histological  appearance  of  the  glanders  nodules  is  usually  one  of 
diffuse  leucocytic  infiltration  and  the  formation  of  young  connective 
tissue  which  preponderates  more  and  more  as  the  disease  becomes 
chronic.  Virchow  has  classed  these  lesions  with  tbe  granulomata. 
From  the  center  of  such  nodules  B.  mallei  may  often  be  obtained  in  pun? 
culture.  The  nodules  may  be  generally  distributed  throughout  the 
internal  organs.  The  bacilli  themselves  are  found,  apart  from  thr- 
nofJulcs,  in  the  nasal  secretions,  and  occasionally  in  the  circulate? 
blood,' 

The  bacUridogical  diagnosis  of  glanders  may  be  made  by  isolating 
and  identifying  the  bacilli  from  any  of  the  above-mentioned  sources. 
When  superficial  nodules  can  be  opened  for  the  purpose  of  diagnosis  thi^ 
may  prove  an  easy  ta^.  The  most  diagnostically  helpful  medium  in 
such  cftscs  is  potato.  In  a  majority  of  caaos,  however,  isolation  is  ex- 
tremely difficult  and  resort  must  be  had  to  animal  inoculation.  The 
most  suitable  animal  for  thb  purpose  L*!  the  male  guinea-pig.  Intra- 
peritoneal inoculation  of  such  animals  with  material  containing  glandei? 
bacilli  leads  within  two  or  three  days  to  tumefaction  and  purulent 
inflammation  of  the  testicles.  Such  an  exp^'riment,  spoken  of  as  the 
"Strauss  test,"*  should  always  be  reinforced  by  cultural  examination 
of  the  tcsticidar  pus,  the  spleoi,  and  the  peritonea!  exudate  of  the 
animals  employed. 

T«»ta  of  Bacillns  mallei.— The  toxin  of  B.  mallei,  or  malUin,  belong - 

[it-**  of  endotoxins.    The  toxic  prtxlucts  have  been  invariably 

by  extraction  of   dead  bacilli.*     Mallein  differs  from  many 

icterial  poisons  in  being  extremely  resistant.     It  withstands 

*i/"-jr.  Dput.  m«i.  Woch..  1883. 

tat.  Arch,  de  mM.  rxp.,  18«9. 

«(i>i9.  Arch.  d.  Bci.  biol..  1892;  Prru*tr,  Beri.  tluEiirrt.  Wocb,,  18M. 
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temperatures  of  120°  G.  and  prolonged  storage  without  noticeable  loss  of 
atrei^h.' 

In  its  physiological  action  upon  healthy  animals,  mallein  is  not  a 
powerful  poison.  It  can  be  given  in  considerable  doses  without  causing 
death.  Mallein  may  be  obtained  by  a  variety  of  methods.  Hehnan 
and  Kalning,  the  discoverctB  of  this  toxin,  used  filtered  aqueous  and 
glycerin  extracts  of  potato  cultures.  Roux  '  cultivates  virulent  gland- 
ers bacilli  in  flasks  containing  250  c.c.  each  of  5  per  cent  glycerin 
bouillon.  Growth  is  allowed  to  continue  at  35*^  C.  for  one  month.  At 
the  end  of  this  time,  the  cultures  are  sterilized  at  100°  for  thirty  min- 
utes, and  evaporated  on  a  water  bath  to  one-tenth  their  original  volume. 
They  are  then  filtered  through  paper.  This  concentrated  poison  is 
diluted  ten  times  with  0.5  per  cent  carbolic  acid  before  use.  Concen- 
tration is  done  merely  for  purposes  of  conservation.  The  diagnostic 
dose  of  such  mallein  for  a  horse  is  0.25  c.c.  of  the  undiluted  fluid. ' 

At  the  Washington  Bureau  of  Animal  Industry,  mallein  is  prepared 
by  growing  the  bacilli  for  five  months  at  37.5°  C.  in  glycerin-bouillon. 
This  is  then  boiled  for  one  hour  and  allowed  to  stand  in  a  cool  place 
for  one  week.  The  supernatant  fluid  is  then  decanted  and  filtered 
through  clay  filters  by  means  of  a  vacuum  pump.  The  filtrate  is 
evaporated  to  one-third  its  original  volume  on  a  water  bath,  and  the 
evaporated  volume  resupplied  by  a  1  per  cent  carbohc  aeid  solution 
containing  about  10  per  cent  of  glycerin. 

Diagnostic  Vsa  of  Ualleln. — The  injection  of  a  proper  dose  of 
mallein  into  a  borae  suiTcriag  from  glanders  is  followed  within  six  to 
eight  hours  by  a  sharp  rise  of  temperature,  often  reaching  104°  to  106°  F. 
(40°  C.  +).  Thehigh  temperature  continues  for  several  hours  and  then 
begins  ^adually  to  fall.  The  normal  is  not  usually  regained  for  several 
days.  Locally,  at  the  point  of  injection,  there  appears  within  a  few 
hours  a  firm,  hot,  diffuse  swelling,  which  gradually  extends  until  it  may 
cover  areas  of  20  to  30  centimeters  in  diameter.  The  swelling  ia  in- 
tensely tender  during  the  first  twenty-four  hours,  and  lasts  for  three  to 
nine  days.  Together  with  this  there  are  marked  symptoms  of  general 
intoxication.  In  normal  ammab  the  rise  of  temperature  following  an 
injection  is  trifling,  and  the  local  reaction  it;  much  smaller  and  more 
transient.  Injections  are  best  made  into  the  breast  or  the  side  of  the 
neck. 

>  Wladimiroff.  in  Kraua  und  Levaditi,  "  Handbuch,"  etc.,  1908. 
'  Bow  et  Nocard,  Bull.  d.  1.  soc.  centr.  v6t.,  1892. 
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The  directions  given  by  the  United  States  Government  for  using 
mallein  for  the  diagnosis  of  glanders  in  horses  are  as  follows: 

"Make  the  test,  if  possible,  with  a  healthy  horse,  as  well  as  with 
one  or  more  affected  or  supposed  to  be  affected  with  glanders.  TaJte 
t'.ie  temperature  of  all  these  animab  at  least  three  times  a  day  for  one 
or  more  days  before  making  the  injections. 

"The  injection  is  most  conveniently  made  at  6  or  7  o'clock  in  the 
morning,  and  the  maximum  temperature  will  then  usually  be  reached 
by  or  before  10  p.m.  of  the  same  day. 

"  Use  for  each  horse  one  cubic  centimeter  of  the  maUein  solution  as 
sent  out,  and  make  the  injection  beneath  the  skin  of  the  middle  of  one 
side  of  the  neck,  where  the  local  swelling  can  be  readily  detected. 

"Carefully  sterilize  the  syringe  after  injecting  each  horse  by  flaming 
the  needle  over  an  alcohol  lamp  or,  better,  use  separate  syringes  for 
healthy  and  suspected  animals.  If  the  same  syringe  is  used,  inject  the 
healthy  animals  first,  and  flame  the  needle  of  the  syringe  after  each 
injection. 

"Take  the  temperature  every  two  hours  for  at  least  eighteen  hours 
after  the  injection.  Sterilize  the  thermometer  in  a  5  per  cent  solu- 
tion of  carbolic  acid,  or  a  0.2  per  cent  solution  of  corrosive  sublimate, 
after  taking  the  temperature  of  each  animal. 

"The  temperature,  as  a  rule,  will  begin  to  rise  from  four  to  eight  houra 
after  the  injection,  and  reach  its  maximum  from  ten  to  sixteen  hours 
after  injection.  On  the  day  succeeding  the  injection  take  the  tempera- 
ture at  least  three  times. 

"  In  addition  to  the  febrile  reaction,  note  the  size,  appearance,  and 
duration  of  any  local  swelling  at  the  point  of  injection.  Note  the  general 
condition  and  symptoms  of  the  animal,  both  before,  during,  and  after 
the  test. 

"  Keep  the  solution  in  the  sealed  bottle  and  in  a  cool  place,  and  do 
not  use  it  when  it  is  clouded  or  if  it  is  more  than  six  weeks  old'  when  it 
leaves  the  laboratory  of  the  Bureau  it  is  sterile." 

If  the  result  of  fii3t  injection  is  doubtful,  the  horse  should  be 
isolated  and  retested  in  from  one  to  three  months,  when  the  slight 
immunity  conferred  by  the  first  injection  will  have  disappeared. 
The  second  injection  into  healthy  horses  usually  shows  no  reaction 
whatever. 

Mallein  may  cause  reactions  in  the  presence  of  other  diseases  than 
glanders,  such  as  bronchitis,  periostitis,  and  other  inflammatory  lesions 
and  is  not  so  specifically  valuable  as  tuberculin  for  diagnosis, 
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Complement  Fixation  in  Glanders. — Diagnostrc  complement  fisation 
for  the  diagnoais  of  glanders  has  been  developed  by  McNeil  and  Olm- 
stead  at  the  New  York  Department  of  Health,  The  antigen  is  made 
by  growing  the  glanders  baeilli  on  a  1.6  per  cent  glycerin  potato  agar. 
Prom  this  stock  cultures  transplanted  are  made  upon  a  neutral  meat- 
free-veal  peptone  agar.  Twenty-four-hour  growths  are  washed  off  with 
distilled  water  sterilized  at  80"  C.  for  four  houra  and  filtered  through 
a  Berbefeld.  After  filtration  the  antigen  must  again  be  sterilized  at 
80°  for  one  hour. 

Immunity. — Recovery  from  a  glanders  infection  does  not  confer 
immnnity  against  a  second  inoculation.'  Artificial  active  immuniza- 
tion bag  been  variously  attempted  by  treatment  with  atten'jated  cul- 
tures, with  dead  bacilli,  and  with  mallein,  but  without  convincing 
results. 

The  semm  of  subjects  suffering  from  glanders  contains  specific 
a^lntinins.*  These  are  of  great  importance  diagnostieally  if  the  tests 
are  made  with  dilutions  of,  at  least,  1  in  500,  since  normal  horse  serum 
may  agglutinate  B.  mallei  in  dilutions  lower  than  this. 

>  Finder,  Ziegler's  Beitrage,  vi,  1899.        '  GaUier,  Jour,  de  m6d.  v4t.,  1901. 
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CHAPTER  XXXVn 
BACILLUS  INFLUENZiE  AND  CLOSELY   RELATED  BACTERIA 

There  b  no  other  epidemic  disease  which  spreads  over  such  enormoiu 
territories,  and  with  such  speed,  as  influenza.  Epidemics  have  been 
numcroua  and  reports  of  the  disease,  unquestionably  recognisable,  are 
extant  even  from  the  most  remote  times.  The  last  serious  epidemic 
occurred  in  the  years  1889  to  1890,  when  the  disease,  spreading  from 
the  Eattt,  traveled  through  Russia  and,  pandemically,  attacked  all  of 
Europe,  then  reached  America,  and  eventually,  having  traveled  east- 
ward as  well  as  westward  from  its  point  of  origin,  became  prevalent 
in  China,  Japan,  Australia,  and  Africa.  Hundreds  of  thousands  were 
attacked  and  the  mortality  of  this  epidemic  was  high.  Its  eaormoku 
scope  and  the  rapidity  of  its  spread  were  facilitated  probably  by  the 
activity  of  nio<lera  international  commerce. 

The  character  of  the  disease  pointed  so  definitely  to  a  bacterial 
etiology  that  numerous  attempts  to  isolate  a  specific  microoiganism 
were,  of  course,  made.  Pfeiffer '  finally,  in  1892,  described  the  bacillus 
which  is  at  present  definitely  recognized  as  the  etiological  factor  of 
influenza. 

BlOTphologr  and  Staining.— The  bacillus  of  influenza  (Pfeiffer  bacillus) 

is  an  extremely  small  organism,  about  0.5  ihicron  long  by  0.2  to  0.3 

micron  in  width.     They  are  somewhat  irregular  in  length,  but  show 

rounded  ends.     They  rarely  form  chains.     They  ace  non-motile,  »nd 

.  do  not  form  spores. 

Influenza  bacilli  stain  less  easily  than  do  most  other  bacteria  with 
the  usual  anilin  dyes,  and  are  best  demonstrated  with  10  per  cent 
aqueous  fuchsin  (5  to  10  minutes),  or  with  Loeffler's  methylene-bluc 
(5  minutes).  They  are  Gram-negative,  giving  up  the  anilin-gentian- 
violet  stain  upon  dccolorization.  Occasionally  slight  polar  Btaining 
may  be  noticed.  Grouping,  especially  in  thin  smears  of  bronchial 
secretion,  is  characteristic,  in  that  the  bacilli  very  rarely  form  threads 

;  Zeit.f.Hyg.,iiii.i892;  Pfeijfer  mi  Bti, 
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or  chainB,  usually  lying  together  in  thick,  irregular  clusters  without 
definite  parallelism. 

Lwtation  tnd  OnltiratioD. — Isolation  of  the  influenza  bacillus  is 
not  easy,  Pfeiffer '  succeeded  in  growing  the  bacillus  upon  serum-agar 
plates  upon  which  he  had  smeared  pus  from  the  bronchial  secretions  of 
Datisits.     Failure  of  growth  in  attempted  subcultures  made  upon  agar 


Fro.  112. — Baciu^us  infi.uenz«.    Smear  from  pure  culture  on  blood  agar. 

and  gelatin,  however,  soon  taught  him  that  the  success  of  his  first  culti- 
vations depended  upon  the  ingredients  of  the  pus  carried  over  from  the 
sputum.  Further  experimentation  then  showed  that  it  was  the  blood, 
and  more  particularly  the  hemoglobin,  in  the  pus  which  had  made  growth 
possible  in  the  first  cultures.     Pfeiffer  made  his  further  cultivations 


>  Pfeiffer,  loc  c 
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upon  agar,  the  surface  of  which  had  been  smeared  with  a  few  drops  of 
blood  taken  Bterile  from  the  finger.  Hemoglobin  separated  from  the 
red  blood  cells  was  found  to  be  quite  as  efficient  aa  whole  blood.  This 
method  of  Pfeiffer  is  still  the  one  most  frequently  employed  for  isolation 
and  cultivation.  Whole  blood  taken  from  the  finger  may  be  either 
smeared  over  the  surface  of  slants  or  plates,  or  mixed  with  the  melted 
meat-infusion  agar.  In  isolating  from  sputum,  ocly  that  secretion  should 
be  used  which  is  coughed  up  from  the  bronchi  and  is  uncontaminated 
by  microorganisms  from  the  mouth.  It  may  be  washed  in  sterile  water 
or  bouillon  before  transplantation,  to  remove  the  mouth  flora  adhe- 


Fio.  113. — BACiu-tra  ikfluenz.b.      Smear  from  Bputum.     (After  Heim.) 


rent  to  the  outer  surface  of  the  little  clumps  of  pus.  The  blood  of 
pigeons  or  that  of  rabbits  may  be  substituted  for  human  blood.  The 
former  seems  to  be  the  more  favorable  of  the  two  and  even  more  so  than 
human  blood.  Pigeons  may  be  easily  bled  for  this  purpose  from  the 
large  veins  under  the  wing.  Hubcr »  has  succeeded  in  cultivating  in- 
fluenza bacilli  upon  media  containing  a  soluble  hemoglobin  derivative 
known  as  hematogcn.  This  substance,  however,  offers  some  diflficulties 
to  sterilization  and  is  not  so  favorable  aa  whole  blood.  The  absence 
of  oxyhemoglobin  from  the  hematogcn,  however,  is  theoretically  im- 
portant in  that  it  shows  that  hemoglobin  is  suitable  for  the  growth 
■  //uier,  Zcit.  f.  Hyg.,  XV,  1893. 
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of  this  bacillus  because  of  its  nutrient  qualities  and  not  by  virtue 
of  its  oxygen- carrying  properties.  Although  the  presence  of  hemo- 
globin seems  to  be  a  necessity  for  the  successful  cultivation  of  the 
bacillus,  the  quantity  present  need  not  be  very  large,  Ghon  and  PreysB ' 
showed  that  an  amount  too  small  to  be  demonstrated  spectroscopically 
sufficed  for  its  growth. 

Other  substances  which,  added  to  neutral  or  slightly  alkaline  agar, 
have  been  used  for  the  cultivation  of  influenza  bacilli  are  the  yolk  of 
^gs'  (not  confimied)  and  spermatic  fluid.'  None  of  these,  however, 
ia  as  useful  as  the  blood  media.     Symbiosis  with  staphylococci,*  too, 


Flo.  114, — Cohosiwa  of  iNrLUBNZA  Bacillus  on  Blood  Aoab.    (After  Hetm.) 

has  been  found  to  create  an  environment  favorable  for  their  develop- 
ment. 

Influenza  bacilli  do  not  grow  at  room  temperature.  Upon  suitable 
media  at  37.5°  C.  colonies  appear  at  the  end  of  eighteen  to  twenty-four 
hours,  as  minute,  colorless,  transparent  droplets,  not  unlike  spots  of 
moisture.  These  never  become  confluent.  The  limits  of  growth  are 
reached  in  two  or  three  days.     To  keep  the  cultures  alive,  tubes  should 

I  Ohtm  und  Preysa,  Ceot.  f.  Bakt..  ixxv,  1904, 
»  Nattjukoff,  Cent,  f,  Bakt-,  Ref..  xix,  1896, 
•Cantani,  Cent.  f.  Bakt.,  xxii,  1897. 
'  Graafbaver,  Zeit.  f.  Hyg.,  xiv,  1897. 
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be  rtored  at  room  temperature  and  traasplantatioos  done  at  intervals 
not  longer  than  four  or  five  days. 

Biology. — ^The  bacillus  is  aerobic,  growing  in  broth<blood  mixtures 
only  upon  the  surface,  hardly  at  all  in  agar  stab  cultures,  and  not  at  all 
under  completely  anaerobic  conditions. 

As  it  does  not  form  spores,  it  is  exceedingly  sensitive  to  heat,deeicca- 
tion,  and  disinfectants.'  Heating  to  60°  C.  kills  the  bacilli  in  a  few  min- 
utes. In  dried  sputum  they  die  within  one  or  two  hours.  They  are 
easily  killed  even  by  the  weaker  tmtiaeptics.  Upon  culture  media  the 
baciUi,  if  not  transplanted,  die  within  a  week  or  less,  the  time  depend- 
ing to  some  extent  upon  the  medium  used. 

Pathogotddty. — The  relationship  between  the  clinical  disease  known 
as  influenza  or  grippe  and  the  PfeifFer  bacillus  has  been  definitely  estab- 
lished by  numerous  investigators.*  During  epidemics,  the  bacilli  arc 
found  with  much  regularity  in  the  nasal  passages  and  bronchial  secre- 
tions of  thosti  afflicted  with  the  malady.  The  organs  most  frequently 
attacked  in  man  are  the  upper  respiratory  passages  and  lungs.  Here 
the  disease  most  frequently  takes  the  form  of  a  broncho-  or  lobular 
pneumonia,  and  sections  of  the  lung  tissue  of  those  who  have  died  of  the 
infection  show  innumerable  bacilli  upon  and  within  the  mucosa  of  the 
bronchioles.  [Thin  sections  are  stained  for  one-half  to  one  hour  in 
dilute  carbol  fuchsin  and  are  then  dehydrated  in  slightly  acid  alcohol 
(alcohol  absolute  ^  i,  glacial  acetic  acid  gtt.  i-ij).] 

Clinically,  influenzal  broncho-pneumonias  are  not  easentially  dif- 
ferent from  those  due  to  other  microorganisms,  and  it  must  always 
be  left  to  the  bacteriolo^cal  examination  to  make  the  positive 
diagnoas.  Pulmonary  influenzal  infection  is  not  infrequently  followed 
by  abscess  or  gangrene  of  the  lung,  and  occa^onaily  develops  into  a 
chronic  interstitial  process.  The  bacilli  have  also  been  foimd  in  the 
middle  ear,*  in  the  meninges,*  and  in  the  br^  and  spinal  cord.  Badlli 
in  the  circulating  blood  have  never  been  satisfactorily  demonstrated, 
although  the  general  characters  of  the  symptoms  would  suggest  a  septi- 
cemia. The  short  incubation  period '  of  the  disease  was  involuntarily 
determined  by  Kretz,  who  fell  ill  twenty-four  hours  after  accidentally 
breaking  an  agar  plate  of  a  pure  culture  which  he  was  photographing. 

The  bacilli  are  aaid  to  remain  in  the  bronchial  secretions  of  conval- 
■Kruae,  in  Flttgge,  "Die  Mikroorg.,"  Leipiig,  1890. 

'  Weidudbaum,  Wien.  klin.  Woch.,  32,  1892;  Baumkr,  MOnob.  med.  Wocb., 
lE9i;  Ruber,  loc.  cit. 

•  Kouea,  Charit^Aiinalcn,  1893.  •  PftM,  Berl.  Uin.  Woch.,  xxxix,  1882. 

■  (Quoted  from  TedeKo,  Cent.  f.  Bakt.,  xliii,  1907. 
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8  or  even  of  normal  indtviduala  for  many  years.  They  are  found 
for  long  periods  ia  the  lun(^  of  those  suffering  from  tuberciUosia.  To 
such  sourctfi,  probably,  are  attributable  the  sporadic  caees  developing 
constantly  in  crowded  conununities.  Occasional  reactivation  of  the 
influenzal  infection  may  often  aggravate  the  condition  of  phthisical 
patients.  Cases  of  influenza  observed  apart  from  the  large  epidemics 
are  rarely  due  to  an  unmixed  Ffeiffer  bacillus  infection,  but  arc  usually 
due  to  a  mixed  infection,  injsluding  with  this  bacillus,  pneumococd, 
streptococci,  and  other  secondary  invaders.*  This  may,  in  part,  aocount 
for  the  frequently  atypical  courses  of  such  attacks. 

Dr.  Anna  Williams*  has  recently  studied  hem(^lobinophilic  bacilli 
isolated  from  the  eye  in  cases  of  trachoma.  She  believes  that  trachoma 
is  probably  caused  by  bacteria  of  this  group.  At  first  an  acute  infection 
or  acute  conjunctivitis  occurs.  Later  when  chronic  productive  inflam- 
mation supervenes  the  clinical  picture  is  that  of  trachoma. 

Experimental  infection  of  animals  reveals  susceptibility  only  in 
monkeys.  FfelfFer  and  Beck'  produced  influenza-like  symptoms  in  mon- 
key by  rubbing  a  pure  culture  of  the  bacillus  upon  the  unbroken  nasal 
mucosa.  Intravenous  inoculation  in  rabbits  produced  severe  symptoms, 
but  the  bacilli  do  not  seem  to  proliferate  in  these  animals,  the  reaction 
probably  being  purely  toxic.  "Cultures  killed  with  chloroform  may  pro- 
duce severe  transient  toxic  symptoins  in  rabbits.*  Immunity  produced 
by  an  attack  of  influenza,  if  present  at  all,  is  of  very  short  duration. 

Baet«rU  Closely  Belated  to  Influenza  BacUlui. — Pseudo-influenza. 
Bacillus. — In  the  broncho-pneumonic  processes  of  children,  Pfeiffer  • 
found  small,  non-motile,  Gram-negative  bacilli,  which  he  was  forced  to 
separate  from  true  influenza  bacilli  Ijocause  of  their  slightly  greater  size, 
and  their  tendency  to  form  thrcada  and  involution  forms.  These  micro- 
organisms are  strictly  aerobic  and  grow,  like  true  influenza  bacilli,  only 
upon  blood  media.  They  are  differentiated  entirely  by  their  morphology 
upon  twenty-four-hour-old  biood-agar  cultures.  Wollstein,*  who  has 
made  a  careful  study  of  influenza-like  bacilli,  both  culturally  and  by 
agglutination  tests,  has  come  to  the  conclusion  that  these  bacilli  are  so 
similar  to  the  true  influenza  organisms  that  the  term  pseudo-influenza 
should  be  discarded.     Strains  of  similar  bacilli  isolated  from  cases  of 

'  Tedetco,  loc.  cit. 

*  Dr.  Amui  WiUiami,  Inter.  Congreaa  of  Hygiene  and  Demography,  Washington, 
1912.  '  Pfeiffer  und  Beck,  Deut.  med.  Woch.,  sxi,  1893. 

*  Pfeiffer,  loc.  cit.  » PfHffer,  Zeit.  f.  Hyg.,  wii,  1892. 

*  WoU*tein,  Jour.  Exp.  Med.,  viii,  1900. 
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pertussis,  while  differing  from  the  others  in  some  of  their  character- 
istics, could  not  properly  be  maintained  ais  distinct  species. 

Koch-Webks  BaciUjUS. — Koch,'  in  1883,  Weeks'  and  Kartalis,iD 
1887,  described  a  small  Graui-negative  bacillus  found  in  coimectioii 
with  a  form  of  acute  conjunctivitis  which  occurs  epidemically.  The 
baoillUB  is  morphologically  similar  to  B.  influenzte,  but  is  generally 
longer  than  this  and  more  slender.  The  bacilli  grow  only  at  incuba- 
tor temperature.  Recent  studies  by  Anna  Williams  at  the  New  York 
DepaMment.  of  Health  seem  to  indicate  that  the  Koch- Weeks  bacillus 
may  be  merely  a  variety  of  the  true  influenza  bacillus. 

Bacillus  of  Pleubo-Pkbuhonia  of  BABBiTa. — This  is  a  small 


Fio,  115. — Koch-Weeks  Bacillus, 

Gram-negative  bacillus,  described  by  Beck,  not  unlike  that  of  infiuenia. 
Those  microorganisms  are  slightlj'  larger  than  the  Pfeiffer  bacilli  and 
grow  upon  ordinary  media  even  without  animal  sera  or  hemoglobin. 

BAciLLua  MUHisEPTicus  AND  Bacillus  rhusiopathi-«. — While  mor- 
phologically similar  to  the  microorganisms  of  this  group,  these  bacilli 
arc  culturally  easily  separaterl  because  of  their  luxuriant  growth  on 
simple  media.  (The  last  two  microorganisms  are  more  closely  related 
to  the  groups  of  the  bacilh  of  hemorrhagic  septicemia.     See  page  551-) 

1  Koch,  Arb.  a.  d.  kaia.  Gesundheitaamt,  iii;  Cent.  /.  Bakt.,  1,  1887. 
'  Wfek«.  N.  Y.  Eye  and  Ear  Infirmary  Rep,,  1895;  Arch.  f.  Augenheillc..  1887. 
■  Kamen,  Cent.  f.  Bakt,  xxv,  1899;  Weichua>aum  and  MiUifr,  Arch.  f.  Ophlhahn., 
slvii,  1899;   Knapp,  Studies  from  Dept.  of  Path.,  Coll,  of  P.  and  S.,  1903. 
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BORDBT-OKKOOU  BAOXLLUS 


f^' Microbe  de  la  Coquduche,"  Pertussis  bacUltts,  BaciUtts  of  whooping- 
cough.) 

In  1900  Bordet  and  Geagou  *  observed  in  the  sputum  of  a  child 
suffering  from  pertussis  a  small  ovoid  bacillus  which,  though  similar  to 
the  influenea  bacillus,  showed  a  number  of  morphological  characteristics 
which  led  them  to  regard  it  as  a  distinct  species.  As  they  were  at  first 
unable  to  cultivate  this  organism,  their  discovery  remained  ques- 
tionable until  1906,  when  cultivation  succeeded  and  the  biology  of  the 
microot^anism  was  more  fully  elucidated. 

Kotphologjr. — The  morphology  of  this  organism  is  described  by 
them  as  follows:  The  organiam  in  the  sputum,  eaiiy  in  the  disease,  is 
scattered  in  enormous  numbers  indiscriminately  among  the  pus  cells, 
and  at  times  within  the  cells.  It  is  extremely  small  and  ovoid,  and 
frequently  is  so  short  that  it  resembles  a  micrococcus.  Often  its  poles 
atain  more  deeply  than  the  center.  In  general,  the  form  of  the  or- 
ganisms is  constant,  though  occasionally  slightly  larger  individuals 
are  encountered.  They  are  usually  grouped  separately,  though  occa- 
tuonally  in  pairs,  end  to  end. 

Compared  with  the  influenza  bacillus  in  morphology,  the  bacillus 
of  pertussis  is  more  regularly  ovoid  and  somewhat  larger.  It  has, 
furthermore,  less  tendency  to  plcomorphism  and  involution. 

Staininc. — The  Bordet-Gengou  bacillus  may  be  stained  with  alkaline 
methylene-blue,  dilute  carbol-fuchain,  or  aqueous  fuchsin  solutions. 
Bordet  and  Gengou  recommended  as  a  staining-solution  carbolated 
toluiditt-blue  made  up  as  follows: 

Totuidin-blue 5  gniB. 

Alcohol 100  C.C. 

Water 600  o.c. 

>  Bonttl  et  Oengou,  Ann.  de  rinst.  Pasteur,  1906. 
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Stained  by  the  method  of  Gram,  the  bacillus  of  Bordet  and  Geugou 
is  decolorized. 

GultiTatlon. — Early  attempts  at  cultivation  made  by  the  discov- 
erers upon  ordinary  ascitic  agar  or  blood  agar  were  unsuccessful.  They 
finally  obtained  successful  cultures  from  sputum  by  the  use  of  the 
following  medium: 

One  hundred  grams  of  sliced  potato  are  put  into  200  c.c.  <A  4  per 
cent  glycerin  in  water.    This  is  steamed  in  an  autoclave  and  a  glycerin 
extract  of  potato  obtwned.    To  50  c.c.  of  this  extract  150  c.c.  of  6-per- 
cent salt  solution  and  5  grams  of  agar  are  added.    The  mixture  is  melted 
in  the  autoclave  ajid  the  fluid  filled  into  test  tubes,  2  to  3  c.c.  each,  and 
sterilized.    To  each  tube,  after  sterilization, 
is  added  an  equal  volume  of  sterile  de- 
fibrinated  rabbit  blood  or  preferably  human 
blood,  the  substances  are  mixed,  and  the 
tubes  slanted. 

On  such  a  medium,  inoculated  with 
sputum,  taken  preferably  during  the  par- 
oxysms of  the  first  day  of  the  disease, 
colonies  appear,  which  are  barely  viable 
after  twenty-four  hours,'  plainly  visible 
Fig.  116.-Bordbt<5enooij  ^^''  forty-eig^t  hours.  They  are  small, 
Bacillvs.  grayish,  and  rather  thick.    After  the  first 

generation  the  organisms  grow  with  mark- 
edly greater  luxuriance  and  speed.  On  the  potato-blood  medium, 
after  several  generations  of  artificial  cultivation,  they  form  a  grayish 
glistening  layer  which,  after  a  few  days,  becomes  heavy  and  thick, 
almost  resembling  the  growth  of  typhoid  bacilli.  In  these  laier 
generations,  also,  they  develop  readily  upon  pl^  blood  agar  or 
ascitic  agar  and  in  ascitic  broth  or  broth  to  which  blood  ha&  been 
added.  In  the  fluid  media  they  form  a  viscid  sediment,  but  no  pellicle. 
Culturally,  the  bacillus  varies  from  B.  influenzse  In  growing  less 
readily  on  hemoglobin  media  than  the  latter,  on  first  cultivation  from  the 
sputum.  Later  it  grows  much  more  heavily  on  such  media  and  shows 
less  dependence  upon  the  presence  of  hemoglobin  than  does  B,  influenss. 
It  also  grows  rather  more  slowly  than  the  influenza  bacillus.      It  is 


<  WoUttein,  Jour.  Exp.  Med.,  xi,  1909. 
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strictly  aerobic  and  in  fluid  cultures  is  best  grown  in  wide  flaska  with 
shallow  layers  of  tbe  medium. 

The  Bwdet-Gengou  bacillus  grows  moderately  at  temperatures  about 
37.5°  C,  but  do€8  not  cease  to  grow  at  temperatures  be  low  as  5°  to  10"  C. 
On  blood  agai  and  in  ascitic  broth  it  may  remain  alive  for  as  long  as  two 
mopths  (WoUstein). 

PftthOfenioit?. — As  regards  the  path<^em<dty  and  etiological  spe- 
cificity of  this  organism  for  whooping-<;ougb,  no  positive  statement 
can  aa  yet  be  made.  The  fact  that  it  has  been  found  in  many  cases  in 
almost  pure  cultures  during  the  early  paroxysms,  renders  it  likely  that 
the  organism  is  the  specific  cause  of  the  disease.  However,  in  early 
cases  true  influenza  bacilli  have  been  often  found,  and  these  latter  seem 
to  remun  in  the  sputum  of  such  patients  for  a  longer  period  and  in 
lai^er  numbers  than  the  bacillus  of  Bordet  and  Gengou,  Endotoxins 
have  been  obtained  from  the  cultures  of  the  bacilU  by  Bordet  and  Gengou 
by  the  method  of  Besredka.^  The  growth  from  slant  cultures  is  washed 
up  in  a  little  salt  solution,  dried  in  vacuo,  and  ground  in  a  mortar  with 
a  small,  measured  quantity  of  salt.  Finally,  enough  distilled  water  is 
added  to  bring  the  salt  into  a  solution  of  0.75  per  cent  and  the  mixture 
is  centrifugalized  and  decanted.  One  to  two  ct.  of  such  an  extract  will 
usually  kill  a  rabbit  within  twenty-four  hours  after  intravenous  inocula- 
tion. Subcutaneous  inoculation  produces  non-suppurating  necroras  and 
ulceration  without  marked  constitutional  symptoms. 

Inoculation  of  monkeys  with  the  bacilli  themselves  by  the  respira- 
tory path  has  failed  to  produce  the  disease. 

Speofic  agglutinins  may  be  obtained  in  immunized  ftnimala  which 
prove  absolutely  tbe  distinctnees  of  this  organism  from  Bacillus  in- 
fluensffi.*  In  the  serum  of  afflicted  children  the  a^lutination  is  too 
irregular  to  be  of  value. 

Specific  complement  fixation  with  the  serum  of  patients  is  reported 
by  Bordet  and  Gengou,  but  failed  in  the  hands  of  Wollstein. 

HOBAX-AXXHTILD  BAdLLUS 

In  1896  Morax '  described  a  diplo-bacUlus,  which  he  associated 
etiologically  with  a  type  of  chronic  conjunctivitis  to  which  he  applied 
the  came  "  eonjimctivite  subaigue."  Soon  after  this,  a  similar  micro- 
organism was  found  in  cases  corresponding  to  those  of  Morax  by  Axen- 

>  Bordet,  BuU.  de  la  Soc.  Roy.  de  Bnu.,  1907. 
*  TToUstein,  loc.  dt.  ■  Morax,  Aim.  de  I'inst.  Pasteur,  t89G. 
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feld.'  The  condition  which  these  microorganisms  characteristically 
produce  Is  a  catarrhal  conjunctivitis  which  usually  attacks  both  eyes. 
The  inflammation  is  especially  noticeable  in  the  angles  of  the  eye,  most 
severe  at  or  about  the  caruncle.  There  is  rar^y  much  swelling  of  the 
conjunctiva  and  hardly  ever  ulceration.  The  condition  runs  a  subacute 
OF  chronic  course.  Its  diagnosis  is  easily  made  by  smear  preparatipns 
of  the  puB  which  is  formed  with  especial  abundance  during  the  night. 

Morphology. — In  smear  preparations  from  the  pus,  the  microorgan- 
isms appear  as  short,  thick  bacilli,  usually  in  the  form  of  two  placed 
end  to  end,  but  not  infrequently  singly  or  in  short  chains.    Their  ends 


Fio.  llT.—HoRAx-AxBNnui  DiPi«-BAcni«B. 

are  distinctly  rounded,  their  centers  slightly  bulging,  giving  the  bacillus 
an  ovoid  form.    They  are  usually  about  two  micra  in  length. 

They  are  easily  stfuned  by  the  usual  anilin  dyes,  and,  stained  by 
the  method  of  Gram,  are  completely  decolorised. 

Calttntlon. — ^The  Morax-Axenfeld  bacillus  cut  be  cultivated  only 
upon  alkaUne  media  containing  blood  or  blood  serum. 

It  grows  poorly,  or  not  at  all,  at  room  temperature. 

Upon  Loeffier's  blood  serum,  colonies  appear  after  twenty-four  to 
thirty-six  hours  as  small  indentations  which  indicate  a  hquefaction  of 
the  medium.    Axenfeld  states  that  eventually  the  entire  medium  may 


'Axer^dd,  Cent.  f.  Bakt.,  nd,  1897. 
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become  liqiiefied.  Upon  serum  agar  delicate  grayish  drop-like  colonies 
are  formed  which  are  not  unlike  those  of  the  gonococcus. 

In  tudtic  bouillon  general  clouding  occurs  within  twenty-four  hours. 

Pathoffanlei^. —  Attempts  to  produce  lesions  in  the  lower  animals 
with  this  bacillus  have  been  universally  unsuccessful.  Subacute  con- 
junctivitis, however,  has  been  produced  in  human  beings  by  inocula- 
tions with  pure  cultures. 

ZUK  NXDDKN'S  BACILI.U8 

In  ulcerative  conditions  of  the  cornea,  Zur  Nedden  has  frequently 
found  a  bacillus  to  which  he  attributes  etiological  importance. 

The  bacillus  which  he  has  described  is  small,  usually  less  than 
one  micron  in  length,  often  slightly  curved,  and  generally  found  rangly. 
It  may  be  found  in  the  diplo  form  but  does  not  form  chains.  It  is 
stained  by  the  usual  dyes,  often  staining  [)oorly  at  the  ends.  Stained 
by  Gram's  method  it  is  decolorized.    The  bacillus  is  non-motile. 

Cultintfon. — It  is  easily  cultivated  upon  the  ordinary  laboratory 
media.  Upon  agar  it  forms,  within  twenty-four  hours,  transparent, 
slightly  fluorescent  colonies  which,  are  round,  raised,  rather  coarsely 
granular,  and  show  a  tendency  to  confluence. 

OeUUin  is  not  liquefied. 

Milk  is  coagulated. 

Upon  potato,  there  is  a  thick  yellowish  growth. 

Upon  dextrose  media,  there  is  acid  formation,  but  no  gas. 

The  bacillus  forms  no  indol  in  pepton  soliUions. 

Pftthogeniel^.:— Corneal  ulcers  have  been  produced  by  Inoculation 
of  guinea-pigs. 

BACILLUS  or  DUCBKT 

The  soft  chancre,  or  chancroid,  is  an  acute  inflammatory,  destructive  ' 
lesion  which  occurs  usually  upon  the  genitals  or  the  skin  surrounding 
the  genitals.  The  infection  is  conveyed  from  one  individual  to  an- 
other by  direct  contact.  It  may,  however,  under  conditions  of  sui^cal 
manipulation,  be  transmitted  indirectly  by  means  of  dressings,  towels, 
or  instruments. 

The  lesion  begins  usually  as  a  small  pustule  which  rapidly  ruptures, 
leaving  an  irregular  ulcer  with  undermined  edges  and  a  necrotic  floor 
which  spreads  rapidly.  It  differs  clinically  from  the  true  or  syphilitic 
chancre  in  the  lack  of  induration  and  in  its  violent  inflammatory 
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nature.  Usually  it  leads  to  lymphatic  swellings  in  the  groin  which, 
later,  give  rise  to  abscesses,  conunonly  spoken  of  as  "buboes," 

In  the  dischai^es  from  such  lesions,  Ducrey,'  in  1880,  was  able  to 
demonstrate  minate  bacilli  to  which  he  attributed  an  etiolc^cal  rela- 
tionship to  the  disease,  both  because  of  the  regularity  of  their  presence 
in  the  lesions  and  the  successful  transference  of  the  disease  by  means 
of  pus  containing  the  microorganisms. 

Moipholofy  and  Staininc. — ^The  Ducrey  bacillus  is  an  extremely 
small  bacillus,  measuring  from  one  to  two  micra  in  length  and  about 
half  a  micron  in  thickness.  It  has  a  tendency  to  appear  in  short 
chains  and  in  parallel  rows,  but  many  of  the  microoi^anisms  may  be 
seen  irregularly  grouped.  It  b  not  motile,  possesses  no  flagella,  and 
does  not  form  spores. 

Stained  by  the  ordinary  anilin  dyes,  it  has  a  tendency  to  take  the 
color  irregularly  and  to  appear  more  deeply  stained  at  the  poles.  By  the 
Gram  method,  it  is  decolorized.  In  tissue  sections,  it  may  be  demon- 
strated by  LoefBer's  methyleae-blue  method,  and  in  such  preparations 
has  been  found  within  the  granulation  tissues  forming  the  floor  of  the 
ulcers.    In  pus,  the  bacilli  are  often  found  within  leucocytes. 

CultlTation  and  Isolation. — Early  attempts  at  cultivation  of  this 
bacillus  were  universally  unsuccessful  in  spite  of  p^nstaking  experi- 
ments with  media  prepared  of  human  skin  and  blood  serum.  In  1900, 
Besan^on,  Griffon,  and  Le  Sourd  *  finally  succeeded  in  obt^nii^  growths 
upon  a  medium  cont^ning  agar  to  which  human  blood  had  been  added. 
They  were  equally  successful  when  dog's  or  rabbit's  blood  was  substi- 
tuted for  that  of  man.  Since  the  work  by  these  authors,  the  cultiva- 
tion by  similar  methods  has  been  carried  out  by  a  number  of  investiga- 
tora.  Coagulated  blood,  which  has  been  kept  for  several  days  in  sterile 
tubes,  has  been  found  to  constitute  a  favorable  medium.  Freshly 
clotted  blood  can  not  be  employed,  probably  because  of  the  bacteri- 
cidal action  of  the  scrum.  Serum-agar  has  occasionally  been  used 
with  success,  but  docs  not  give  results  as  satisfactory  as  those  obtained 
by  the  use  of  the  whole  blood. 

The  best  method  of  obtaining  pure  cultures  upon  such  media  con- 
sists in  puncturing  an  unruptured  bubo  with  a  sterile  hypodermic  needle 
and  transferring  the  pus  in  considerable  quantity  directly  to  the  agar. 
If  possible,  the  inoculation  of  the  media  should  be  made  immediately 

■  Dxicrey,  MoDatschr,  !.  prakt.  Derinat.,  9,  1889. 
*  Besangon,  Griffon,  et  Le  Sourd,  Preaae  m£d.,  1900, 
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before  the  pus  has  had  a  chance  to  cool  oS  or  to  be  exposed  to  light. 
When  buboes  are  not  available,  the  primary  lesion  may  be  thoroughly 
cleansed  with  sterile  water  or  salt  solution,  and  material  scraped  from 
the  bottom  of  the  ulcer  or  from  beneath  its  overhanging  et^es  with  a 
stiff  platinum  loop.  This  material  is  then  smeared  over  the  surface  of  a 
number  of  blood-agar  plates. 

Upon  such  plates,  isolated  colonies  appear,  usually  after  forty-eight 
hours.  They  are  stnaH,  transparent,  and  gray,  and  have  a  rather  firm, 
finely  gramular  consistency.  The  colonies  rarely  grow  lai^r  than  pin- 
head  size,  and  have  no  tendency  to  coalesce.  At  room  temperature, 
the  cultures  die  out  rapidly.  Kept  in  the  incubator,  however,  they  may 
remain  alive  and  virulent  for  a  week  or  more. 

On  the  simpler  media,  glucose-agar,  broth,  or  gelatin,  cultivation 
is  never  successful.  On  moist  blood-agar  and  in  the  condensation 
water  of  such  tubes,  the  bacilli  have  a  tendency  to  grow  out  in  long 
chains.  Upon  media  which  are  very  dry,  they  appear  singly  or  in 
short  chains. 

PaUwgenlcttT. — Besan^n,  Griffon,  and  Le  Sourd,  and  others,  have 
succeeded  in  producing  lesions  in  man  by  inoculation  with  pure  cultures. 
Inoculation  of  the  lower  animals  has,  so  far,  been  entirely  without  result. 

HICR0G0CCIT8  BSXLZTENSI8  (MALTA  nVZE) 

{Bacillus  melileTms) 

Malta  fever  is  a  disease  occurring  along  the  Mediterranean  coast 
and  its  islands.  It  has  been  recently  found  to  occur  also  in  South 
America,  South  Africa,  China,  and  in  the  West  Indies.  The  disease 
is  not  very  unlike  typhoid  fever,  though  more  irregular  and  with  a 
lower  mortality.  It  is  accompanied  by  joint  pains,  sweating,  constipa- 
tioD,  and  occasionally  orchitis.     The  spleen  is  almost  always  enlarged. 

Recent  investigations  into  the  manner  in  which  this  disease  is  con- 
veyed have  revealed  that  it  is  primarily  an  infection  of  goats.  A  large- 
percentage  of  the  goats  on  Malta  were  shown  to  be  infected  and  passed 
the  organism  with  the  milk.  Forty  per  cent  of  the  goats  gave  positive 
agglutination  teste  and  the  organisms  have  been  found  in  the  milk  in 
about  10  per  cent  of  the  animals. 

The  most  susceptible  animals  seem  to  be  goats,  but  horses  and  cows 
are  ajso  susceptible.  In  guinea-pigs  and  rabbits  the  disease  can  be  ex- 
perimentally produced,  but  usually  takes  a  protracted  course.    Monkeys 
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are  susceptible,  and  the  disease  produced  in  these  animals  is  in  many 
features  identical  with  that  of  man. 

'  Transmission  seems  to  take  place  chiefly  by  the  ingestion  oi  infected 
milk.  Direct  cutaneous  infection  or  through  mucous  membranes  may 
also  occur.  In  himian  beings,  suffering  from  the  disease,  the  organisms 
may  be  isolated  from  the  blood  stream  during  the  entire  course  of 
the  disease  and  as  early  as  the  second  day.  The  disease  is  rarely 
fatal,  death  occurring  in  less  than  2  per  cent  (A  th6  cases  (Eyre,  loc.  at.).' 

The  microorganiBm  caudng  the  disease  was  isolated  in  1887  by 
Bruce,*  a  British  army  surgeon. 

BiMTholocT. — ^Micrococcus  meliten^  is  a  minute  bacterium  ap- 
pearing coccoid  in  smears  from  agar  cultures,  in  broth  cultures  assum- 
Lig  the  form  of  a  short,  slightly  wedge-shaped  bacillus  reaembUng  B. 
influenite.  Babes  *  regards  it  as  unquestionably  a  bacillus.  E^  de- 
scribes it  as  a  minute  coccus,  and  believes  the  bacillus-like  individuals 
to  represent  involution  forma.  It  appears  in  irregularly  parallel  groups, 
and  occasionally  forms  short  chains. 

It  is  easily  stained  with  the  ordinary  dyes,  and  ia  decolorised  by 
Gram's  method. 

Culttntion. — Micrococcus  melitensis  can  usually  be  cultivated  fron 
the  spleens  of  those  who  have  succumbed  to  the  disease  and  from  the 
blood  stream  in  active  cases.  It  grows  on  nutrient  agar  at  37.5°  C, 
forming  small,  pearly  white  colooies  at  the  end  of  two  or  three  days- 
It  grows  easily  on  all  of  the  ordinary  laboratory  media. 

Both  in  patients  and  in  injected  animals,  infection  with  this  bacte- 
rium produces  specific  agglutinins  which  are  of  great  practical  aid  in 


■  Britigh  CommiBBion  Report  dt«d    frc»n  Eyre  in  KclU  uod  Waunrmm*, 
Handbuch,  etc.,  Erg&niiiogBbknd,  Heft  2. 
» Bruet,  Practitioner,  1887, 
'  Babet,  KoUe  imd  Waaaemiami,  iii,  p.  443. 
*  Wright  and  iomfc,  Jour.  Path.  &nd  B»ct.,  v,  1899. 
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THE    BACILLI  OF  THE   HEMORRHAGIC    SEPTICEMIA  cmOUP 
AND   BACILLUS    PESTia 

In  many  of  the  lower  animals  there  occur  violently  acute  bacterial 
infections  characterized  by  generai  septicemia,  usually  vith  pc^chial 
hemorrhages  throughout  the  organs  and  serous  membranes  and  severe 
intestinal  inflammations.  These  diseases,  spoken  of  as  the  "hemor- 
rhagic septicemias,"  are  caused  by  a  group  of  closely  allied  bacilli,  first 
classified  together  by  Hueppe '  in  1886.  Some  confusion  has  existed 
as  to  the  forms  which  should  be  considered  within  Hueppe's  group  of 
"  hemorrhagic  septicemia,"  a  number  of  bacteriologists  including  in 
this  class  bacilli  such  as  Loeffler's  Bacillus  typhi  murium,  and  Salmon 
and  Smith's  hog-cholera  bacillus,  microorganisms  which,  because  of 
their  motiUty  and  cultural  characteristics,  belong  more  properiy  to  the 
"Gartner,"  " enteritidis,"  or  "paratyphoid"  group,  intermediate  be- 
tween colon  and  typhoid. 

The  organisms  properly  belonging  to  this  group  are  short  bacilli,  more 
plump  than  are  those  of  the  colon  type,  and  showing  a  marked  ten- 
dency to  stain  more  deeply  at  the  poles  than  at  the  coiter.  They  are 
non-motile,  possess  no  flagcUa,  and  do  not  form  spores.  They  grow 
readily  upon  simple  media,  but  show  a  very  marked  preference  for 
oxygen,  growing  but  slightly  below  the  surface  of  media.  By  some 
observers  they  are  characterized  as  "obUgatory  aerobes,"  but  this  is 
undoubtedly  a  mistake. 

While  showing  considerable  variations  in  form  and  differences  in 
minor  cultural  characteristics,  the  species  characteristics  of  polar  stain- 
ing, decolorization  by  Gram,  immobility,  lack  of  gelatin  liquefaction, 
and  great  pathogenicity  for  animals,  stamp  alike  all  members  of  the 
group.  Its  chief  recognized  representatives  are  the  bacillus  of  chicken 
cholera,   the    bacillus    of    swine-plague    (Deutsche    Schweincseuche), 

>  Hueppe,  Berl.  klin.  Wocfi.,  1SS6. 
561 

Digitized  by  Google 


552  P(4TH0GENIC  MICROORGANISMS 

and  the   Bacillus  pleurosepticus   which  causes    an   acute    disease  in 
cattle  and  often  in  wild  game. 

Because  of  certain  cultural  and  pathogenic  characteristics,  it 
seems  best  to  consider  the  bacillus  of  bubonic  plague  with  this  group. 

BACILLUS  Ot  OHIOEXN  OHOLBBA 

(BacUius  avisepticus) 

The  bacillus  of  chicken  cholera  was  first  carefully  studied  by  Pas- 
teur '  in  1880.  It  is  a  short,  non-motile  bacillus,  measuring  from  0.5  to 
1  micron  in  length.  Stained  with  the  ordinary  anilin  dyes,  it  displays 
marked  polar  staining  qualities,  which  often  give  it  the  appearance  of 
being  a  diplococcus.  It  is  decolorized  by  Gram's  method.  It  does  not 
form  spores,  but  may  occasionally  form  vacuolated  degeneration  forma, 
not  unlike  those  described  for  Bacillus  pestis. 

The  bacillus  is  easily  cultivated  from  the  blood  and  organs  of  infected 
animals,  it  grows  well  upon  the  simplest  media  at  temperatures  yaty- 
ing  from  25°  to  40°  C.  In  broOi,  it  produces  uniform  clouding  with 
later  a  formation  of  a  pellicle.  Upon  agar  it  forms,  within  twenty-four 
to  forty-eight  hours,  minute  colonies,  white  or  yellowish  in  color,  which 
are  at  first  transparent,  later  opaque.  Upon  gelatin,  it  grows  without 
liquefaction.  Upon  miik,  the  growth  is  slow  and  does  not  produce  co- 
agulation. According  to  Kruse,^  indol  is  formed  from  pej^on  bouillon. 
Acid,  but  no  gas,  is  formed  in  sugar  broth. 

Among  barnyard  fowl,  this  disease  is  widely  preval^t,  attacking 
chickens,  ducks,  geese,  and  a  large  variety  of  smaller  birds.  The  infecticHi 
is  extremely  acute,  ending  fatally  within  a  few  days.  It  is  accompanied 
by  diarrhea,  often  with  bloody  stools,  great  exhaustion,  and,  toward  the 
end,  a  drowsiness  bordering  on  coma.  Autopsy  ujion  the  animals  re- 
veals hemorrhagic  inflammation  of  the  intestinal  mucosa,  enlargement 
of  the  liver  and  spleen,  and  often  bronchopneumonia. 

The  specific  bacilli  may  be  found  in  the  blood,  in  the  organs,  in  exu- 
dates, if.these  are  present,  and  in  large  numbers  in  the  dejecta.  Infection 
takes  place  probably  through  the  food  and  water  contaminated  by  the 
discharges  of  diseased  birds.* 

Subcutaneous  inoculation  or  feeding  of  such  animals  with  pure 
cultures,  even  in  minute  doses,  gives  rise  to  a  quickly  developing 
septicemia  which  is  uniformly  fatal.     The  bacillus  is  extremely  patho- 

I  Patleur,  Comptes  rend,  de  I'acad.  dea  aci.,  ISSO. 

'  Kru»»,  in  FlQgge's  "  Die  Milcroorganiamen." 

*  Sabnon,  Rep.  of  the  Com.  of  Agriculture,  1880, 1881,  aod  1883. 
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genie  for  rabbits,  less  bo  for  hogs,  sheep,  and  horses,  if  infection  is  prac- 
ticed by  Bubcutaneous  inoculation.  Infection  by  ingestion  does  not 
soeni  to  cause  disease  in  these  animab. 

Historically,  the  bacillus  of  chicken  cholera  is  extremely  interesting, 
since  it  was  with  this  microorganism  that  Pasteur  ■  carried  out  some  of 
his  fundamental  researches  upon  immunity,  and  succeeded  in  immu- 
nizing chickens  with  attenuated  cultures.  The  first  attenuation  ex- 
periment made  by  Pasteur  consisted  in  allowing  the  bacilU  to  remain  in 
a  broth  culture  for  a  prolonged  period  without  transplantation.  With 
minute  doses  of  such  a  culture  (vaccin  I)  he  inoculated  chickens,  fol- 
lowing this,  after  ten  days,  with  a  small  dose  of  a  fully  virulent  culture. 
Although  enormously  important  in  principle,  the  practical  results  from 
this  method,  as  applied  to  chicken  cholera,  have  not  been  satisfactory. 
It  was  with  this  bacillus,  furthermore,  that  Pasteur  was  first  able  to 
demonstrate  the  existence  of  a  free  toxin  which  could  be  separated 
from  the  bacteria  by  filtration. 

BAonxiTs  or  swim  flaqtjv 

{BaciUux  suiseptinis,  Schwetneaeuche) 

This  microorganism  is  almost  identical  in  form  and  cultural  charac- 
teristics with  the  bacillus  of  chicken  cholera.  It  is  non-motile,  forms 
no  spores,  is  Gram-negative,  and  does  not  liquefy  gelatin.  The  bacillus 
causes  an  epidemic  disease  among  hogs,  which  is  characterized  almost 
regularly  by  a  bronchopneumonia  followed  by  general  septicemia. 
There  is  often  a  sero-sanguineous  pleural  exudate,  a  swelling  of  bronchial 
lymph  glands  and  of  liver  and  spleeH.  The  gastrointestinal  tract  is 
rarely  affected.  The  bacilli  at  autopsy  may  be  found  in  the  lungs, 
in  the  exudates,  in  the  liver  and  spleen,  and  in  the  blood.  The  disease 
is  rarely  acute,  but,  in  young  pigs,  almost  uniformly  fatal. 

It  is  probable  that  spontaneous  infection  usually  occurs  by  inhala- 
tion. Experimental  inoculation  is  successful  in  pigs,  both  when  given 
subcutaneously  and  when  administered  by  the  inhalation  method. 
Mice,  guinea-pigs,  and  rabbits  are  also  susceptible,  dying  within  three 
or  four  days  after  subcutaneous  inoculation  of  small  doses. 

Active  and  passive  immunization  of  animals  against  Bacillus  suisep- 
ticus  has  been  attempted  by  various  observers.  Active  immunieation, 
if  carried  out  with  care,  may  be  successfully  done  in  the  laboratory. 
'  Patteitr,  !oc  dt. 
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Passive  immunizatioQ  of  animals  with  the  serum  of  actively  immumzed 
horses  has  been  practiced  by  Kitt  and  Mayj,'  Schreiber,*  and  Wasaer- 
mann  and  Ostertag.  The  last-named  obaervera,  working  with  a  poly- 
valent senmi  produced  with  a  number  of  different  strains  of  the  bacIlluK. 
have  obtained  results  of  considerable  practical  value.  The  researches 
of  Kitt  and  Mayr  have  revealed  a  fact  pointing  to  the  interrelationship 
of  the  bacilli  of  the  "hemorrhagic  septicemia"  group.  They  were  able 
to  show  that  the  serum  of  horses  immunized  with  chicken  cholera 
bacilli  was  able  to  protect,  somewhat,  against  Bacillus  suisepticus. 

Infection  with  the  bacillus  of  swine  plague,  in  hogs,  is  often  ac- 
companied by  an  infection  with  the  hog-cholera  bacillus  (Schweintpost). 
The  latter,  as  we  have  seen,  is  a  microorganism  belonging  to  the  enteri- 
tidis  group,  intermediate  between  Bacilluscoli  and  Bacillus  typhosus,  and 
differing  from  suisepticus  in  being  actively  motile,  possessing  flagella, 
not  showing  the  polar  staining,  having  a  more  slender  morphology,  and 
producing  gas  upon  dextrose  broth.  A  confusion  between  the  two 
bacilli  frequently  occurs  because  of  their  nomenclature.  Bacteriologic- 
ally  and  pathogenically,  they  are  quite  distinct.  Bacillus  suisepticus 
produces  an  acute  septicemia,  accompanied  by  bronchopneumonia  and 
usually  not  affecting  the  gastro-intestinal  canal.  The  bacillus  of  hog 
cholera  produces  an  infection  localized  in  the  intestinal  canal. 

BAOILLTTS   PUTU 

{BaciUiu  of  Bvbonic  Plague) 

The  history  of  epidemic  diseases  has  no  more  ten-ifjring  chapter 
than  that  of  plague.'  Sweeping,  time  and  again.  Over  lai^  areas  of 
the  civilized  world,  its  scope  and  mortality  were  often  so  great  that 
all  forms  of  human  activity  were  temporarily  paralyzed.  In  the 
reign  of  Justinian  almost  fifty  per  cent  of  the  entire  population  of 
the  Roman  Empire  perished  from  the  disease.  The  "Black  Death" 
which  swept  over  Europe  during  the  fourteenth  century  killed  about 
twenty-five  million  people.  Smaller  epidemics,  appearing  in  numerous 
parts  of  the  world  during  the  sixteenth,  seventeenth,  and  aghteenth 
centuries,  have  claimed  innumerable  victims.  In  1893,  plague  appeared 
in  Hong  Kong.  During  the  epidemic  which  followed.  Bacillus  pestia, 
now  recognized  as  the  etiological  factor  of  the  disease,  was  discovered  by 

1  Kitt  und  Mayr,  Monateh.  f-  prakt.  Thierheilk.,  8,  IS97. 

>  Schreiber,  Berl.  tierftrzll.  Woch.,  10,  1899. 

» HiTxA,  "  HMdb.  d.  hiator.-geogr.  Path.,"  18S1. 
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Kitasato '  and  by  Yerein,*  independently  of  each  other.  By  both  ob- 
aervere  the  bacillus  could  invariably  be  found  in  the  pus  from  the  buboes 
of  afflicted  persons.  It  could  be  demonstratttd  in  enormous  iiumbers 
in  the  cadavers  of  victims.  The  constancy  of  the  ocGurrence  of  the 
bacillus  in  patients,  shown  in  the  innumerable  researches  of  many 
bacteriologists,  would  alone  be  sufficient  evidence  of  its  etiological 
relationship  to  the  disease.  This  evidence  is  strengthened,  moreover, 
by  accidental  infections  which  occurred  in  Vienna  in  1898,  with  labora- 
tory cultures. 

HccpIioloKT  ud  Staining.— Bacillus  pestis  is  a  short,  thick  bacillus 
with  well-rounded  ends.    Its  length  is  barely  two  or  two  and  a  half  times 


Fia.  lis.— BACiu.ue  fkotis.    (Aftw  Halloir  and  Wright.) 

its  breadth  (1.5  to  1.75  micra  by  0.5  to  0.7  micron).  The  bacilli  appear 
singly,  in  pairs,  or,  more  rarely,  in  short  chains  of  three  or  more.  They 
show  distinct  polar  staining.  In  size  and  shape  these  bacilli  are  sub- 
ject to  a  greater  degree  of  variation  than  are  most  other  microorganisms. 
In  old  lesions  or  in  old  cultures  the  bacilli  show  involution  forms  which 
may  appear  either  as  swollen  coccoid  forms  or  as  longer,  club-ehaped, 
diphtheroid  bacilli.  Degenerating  individuals  appear  often  as  swollen, 
oval  vacuoles.  All  these  involution  forms,  by  their  very  irr3gularity, 
are  of  diagnostic  importance.  They  appear  more  numerous  in  artificial 
cultures  than  in  human  lesions. 

According  to  Albrecht  and  Ghon,'  the  plague   bacillus  may,  by 

^Kibuaio,  Lancet,  1894.  >  Ytrain,  Ann.  de  Ilnrt.  Pasteur,  1894. 

'Atbrecht  «ud  Ghon,  Wieq,  1896. 
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special  methods,  be  shown  to  possess  a  gelatiaous  capsule.     It  does 
'  not  possess  flagella  and  does  not  form  spores. 

The  plaguB  bacillus  ia  easily  stained  with  all  the  usual  amlin 
dyes.  Diluted  aqueous  fuchsin  and  methylene-blue  are  most  frequently 
employed.  With  these  stains  the  characteristically  deeper  staining 
of  the  polar  portions  of  the  bacillus  is  usually  easy  to  demonstrate. 
Special  polar  stains  have  been  devised  by  various  observers.  Most  of 
these  depend  upon  avoidance  of  the  usual  heat  fixation  of  the  prepara- 
tions, which,  in  some  way,  seems  to  interfere  with  good  polar  staining. 
Fixation  of  the  dried  sukeara  with  absolute  alcohol  is.  therefore,  prefer- 
able.   The  bacillus  is  decoloriiied  by  Gram's  method. 


Fta.  IIB. — BacilXiUb  rBSTie,  Involution  Forms.     (After  Zettoow.) 

IioUtios  and  OoltlTation. — The  bacillus  is  easily  isolated  in  pure 
culture  from  the  specific  lesions  of  plague  patients,  during  life  or  at 
autopsy.  It  grows  readily  and  luxuriantly  upon  the  meat-infusjon 
media.  The  optimum  temperature  for  its  cultivation  is  about  30°  C. 
Below  20°  C.  and  above  3S°  C,  growth  is  sparse  and  delayed,  though  it 
is  not  entirely  inhibited  until  exposed  to  temperatures  below  12°  C, 
or  above  40°  C.  The  most  favorable  reaction  of  culture  media  is  neu- 
trality or  moderate  alkalinity,  though  slight  acidity  doee  not  prevent 
development. 

On  agar,  growth  appears  within  twenty-four  hours  as  minute 
colonies  with  a  compact  Hmall  center  surrounded  by  a  broad,  insularly 
indented,  granular  margin. 
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On  gelatin,  miuilar  colouiee  appear  after  two  or  three  days  at  20° 
to  22°  C.    The  gelatin  ia  not  liquefied. 

In  boiaiion,  the  plague  bacilli  grow  slowly.  They  usually  sink  to 
the  bottom  or  adhere  to  the  walls  of  the  tube  aa  a  granular  deposit  and 
may  occasionally  form  a  delicate  pellicle.  Chain^formation  is  not  un- 
common. In  broth  cultures,  moreover,  a  peculiar  stalactite-like  growth 
is  often  seen,  when  the  culture  fluid  is  covered  with  a  layer  of  oil. 
Delicate  threads  of  growth  hang  down  from  the  surface  of  the  medium 
into  ita  depths  like  stalactites.  Characteristic  involution  forms  are 
brou^t  out  best  when  the  bacilh  are  grown  upon  agar  containing  3 
pea-  cent  NaCI. 

Milk  is  not  coagulated.  In  litmus-milk  there  is  slight  acid  forma- 
tion. On  potato  and  on  blood  serum  the  growth  shows  nothing  chai^ 
acteristic  or  of  differential  value.     On  pepUm  ntsdui  no  indol  ia  formed. 

Blologleal  Conaidaratlons. — Bacillus  pestis  is  aerobic.  Absence  of  ' 
free  oxygen  is  said  to  prevent  its  growth,  at  least  under  certain  condi- 
tions of  artificial  cultivation.  It  is  non-motile.  Outside  of  the  animal 
body  the  bacilli  may  retain  viability  for  months  and  even  years  if 
preserved  in  the  d^k  and  in  a  moist  environment.  In  cadavers  they 
may  hve  for  weeks  and  months  if  protected  from  dryness.  In  pus  or 
sputum  from  patients  they  may  live  eight  to  fourteen  days.  These 
facts  are  of  great  hygienic  importance. 

Complete  drying  in  the  air  kills  the  bacilli  within  two  or  three  days.* 
Thoroughly  dried  by  artificial  means  they  die  within  four  or  five  hours. 

Dry  heat  at  100°  C.  kills  the  bacillus  in  one  hour,*  Live  steam  or  boil- 
ing water  is  effectual  in  a  few  minutes.  The_  bacilli  possess  great  remst- 
ance  against  cold,  surviving  a  temperature  of  0°  C.  for  as  many  as 
forty  days. 

Direct  sunlight  destroys  them  within  four  or  five  hours.  The  common 
dismfectants  are  effectual  in  the  following  strengths:  carbolic  acid,  one 
per  cent  kills  them  in  two  hours,  five  per  cent  in  ten  minutes;  bichk>ride 
of  mercury  1  : 1,000  is  effectual  in  ten  minutes. 

In  a  recent  communication  to  the  New  York  Pathological  Society, 
Dr.  Wilson  reported  that  plague  cultures  which  he  had  kept  sealed  for  as 
long  as  ten  years  in  the  ice  chest  were  found  Uving  and  virulent  at  the 
end  of  this  time.  This  ability  to  go  uito  a  quasi  latent  stage  under 
suitable  conditions  is  of  the  greatest  importance  in  connection  with 
the  problem  of  prevention. 

■  KilatiUo,  Lancet,  1894.  *  Abel,  Cent.  f.  Bcikt.,  xxi,  1897. 
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Pftthoffaillei^. — In  man,  plague  is  acquired'  by  entrance  of  the  bacil- 
lus either  through  the  akin  or  by  the  respiratory  tract.  The  period  of 
incubation  is  about  tiu^e  to  seven  days.  Two  distinct  clinical  types 
of  the  disease  occur,  d^>ending  upon  the  mode  of  infecticm.  When 
cutaneous  infection  has  occurred  the  disease  is  first  localized  in  the 
lymph  nodes  nearest  the  point  of  inoculation.  If  the  respiratory  tract 
has  been  the  portal  of  entrance  the  disease  primarily  takes  the  form  of  a 
pneumonia. 

Infection  may  take  place  through  the  most  minute  lesions,  hardly 
visible  to  the  naked  eye.  Even  the  unbroken  skin  may  admit*  tbe 
microorganisms  if  these  are  rubbed  in  with  sufficient  energy.  Froia  tbe 
primary  lymphatic  sweltings,  the  bacilli  enter  the  blood  and  may  pro- 
duce secondary  foci. 

The  pneumonic  form  of  plague  usually  b^pns  with  sympt<Hns  not 
unlike  a  typical  pneimionia  and  is  usually  fatal  within  four  or  five  or 
even  fewer  days.  This  form  of  the  disease  is  especially  menacing  as  a 
means  of  dissemination,  because  of  the  enormous  numbers  of  plague 
bacilli  in  the  q>utum. 

One  of  ihe  chief  characteristics  of  the  general  systemic  plague  infec- 
tion is  tbe  very  marked  cardiac  depression. 

The  bacteriolc^cal  diagnosis  during  life  may  be  made  by  finding  the 
baciUi  in  the  sputum  or  in  aspiration  fluid  from  a  bubo.  The  micro- 
organisms are  identified  morphologically,  culturally,  by  animal  experi- 
ment, and  by  agglutination  reaction.  Blood  cultures  from  plague  pa- 
tients often  yield  po«tive  results,  especially  when  the  blood  is  well 
diluted  in  neutral  broth  to  prevent  any  inhibiting  action  of  the  anti- 
bodies in  the  serum. 

At  autopsy,  in  man,  the  bacilli  are  found  in  the  primary  lemons,  in 
the  blood,  and  in  the  spleen,  the  liver,  and  the  lymphatics.  There  may- 
be hemorrhages  into  the  serous  cavities.  When  pneiunonia  exists,  it 
usually  takes  the  form  of  a  bronchopneumonia  with  ertensive  swelling 
of  the  bronchial  lymph  nodes. 

In  cases  in  which  the  disease  is  prolonged,  there  arc  often  tubercle- 
like foci  in  the  spleen,  liver,  and  lungs.  Histologically  these  foci  show 
central  necrosis  surroimded  by  the  usual  inflammatory  cell  reactions. 
In  more  chronic  cases  connective-tissue  encapsulation  may  appear. 

Bacillus  pestis  is  extremely  pathogenic  for  rats,  mice,  guinea-pigs, 
rabbits,  and  monkeys.    The  most  susceptible  of  these  unimglg  are  rats 

t  QolMdUJi,  Zeit.  f.  Hyg.,  xxxv,  1900. 
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and  guinea-pigs,  in  whom  mere  rubbing  of  plague  baciUi  into  the  un- 
broken skin  will  trften  produce  the  diseaae.  This  method  erf  experimen- 
tal infection  of  guinea-pigs  is  of  great  service  in  isolating  the  plague 
bacillus  from  material  contaminated  with  other  microorganisms.  For 
the  same  purpose,  infection  of  rats  subcutaneously  at  the  root  of 
the  tail  may  be  employed.  Such  inoculation  in  rats  is  invariably 
fatal. 

The  studies. of  McCoy'  upon  guinea-pigs  and  white  rate  show  that 
individual  plague  cultures  may  vary  considerably  in  virulence.  The» 
size  of  the  doee,  always  excepting  enormous  quantities  such  as  a  whole 
agar  culture,  seems  to  make  little  difference  in  the  speed  with  which 
the  ftnimula  die.  There  may  be  considerable  variation  in  the  suscep- 
tibility of  Individual  animals.  Prolonged  cultivation  on  artificial  media 
may  gradually  reduce  the  virulence  of  plague  bacilli,  though,  as  stated 
above,  this  has  not  been  the  experience  of  all  observers. 

In  rate,  spontaneous  infection  with  plague  is  common  and  plays  an 
important  rdle  in  the  spread  of  the  disease.  Rats  become  infected  from 
the  cadavers  of  plague  victims  or  by  gnawing  the  dead  bodies  of  other 
rats  dead  of  the  disease.  The  pneumonic  type  of  the  disease  is  common 
in  these  animab  and  has  been  produced  in  them  by  inhalation  experi- 
mente.  During  every  well-observed  plague  epidemic,  marked  mortality 
among  the  domestic  rate  has  been  noticed. 

Since  the  examination  of  rate  for  plague  is  an  important  phase  of 
the  study  of  epidemics,  it  may  be  well  to  review  the  typical  lesions  in 
these  ftnimftla  as  described  by  an  experienced  American  student  of  plague, 
George  W.  McCoy.*  McCoy,  agreeing  with  the  Indian  Plague  Com- 
mission, states  that  the  naked  eye  is  superior  to  the  microscopical  ex- 
amination. There  is  engorgement  of  the  subcutaneous  vessels  and  a 
pink  coloration  of  the  muscles.  The  bubo  when  present  is  sufficient 
for  diagnosis.  Marked  injection  surrounds  it  and  sometimes  there  is 
hemorrhagic  infiltration.  The  gland  itself  is  firm  but  usually  caseous  or 
occasi(HUilly  hemorrhagic.  In  the  liver  there  is  apparent  fatty  change, 
but  this  is  due  to  necrosis.  Pin-point  spote  give  it  a  .stippled  appear- 
ance as  though  it  had  been  dusted  with  pepper.  Pleural  effusion  is  an 
important  sign.  The  spleen  is  large,  friable,  and  often  presente  pin- 
point granules  on  the  surface.  One  or  two  per  cent  of  rate  may  present 
no  gross  lesions.  Cultures  should  of  course  be  made.  The  method 
of  examination  consiste  in  immersing  the  rat  in  any  convenient  antiseptic 

•  McCoy,  Jour,  of  Int.  Dia.,  vi,  1903, 

»  Owrgt  W.  McCoy,  Public  Health  Reports,  July,  1912. 
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to  kill  fleas  and  other  ectoparasites.  The  rat3  are  nailed  by  their  feet 
to  a  shingle  and  the  skin  is  reflected  from  the  whole  front  of  the  body  and 
neck  so  aa  to  expose  the  cervical,  axillary,  and  inguinal  regions.  The 
thoracic  and  abdominal  cavities  are  then  opened  and  examined. 

Wherry,'  McCoy,'  and  others  have  found  that  the  California  ground 
squirrel  was  infected  with  plague,  during  the  recent  occurrence  of 
plague  on  the  Pacific  coast,  and  several  cases  of  plague  in  man  were 
traced  to  this  source.  In  studying  these  and  other  American  ro- 
dents McCoy  found  that  ground  squirrels  as  a  species  were  highly 
susceptible,  never  showing  natural  immunity.  Field  mice  were  but 
moderately  susceptible.  Gophers  were  highly  resistant.  McCoy  has 
also  described  a  case  of  spontaneous  infection  in  a  brush  rat  (Neo- 
ttmia  fuscipes).  Rock  squirrels  were  found  by  McCoy  to  be  readily 
infected. 

Wu  Liea  Teh  (G.  L.  Tuck)  *  has  recently  found  that  the  Manchurian 
tarbagan  or  marmot  (Arctomys  bobac),  an  aninml  trapped  for  its  fur, 
occasionally  suffers  from  plague.  The  disease  is  never  extensive  and  the 
animal  of  much  less  importance  in  spreadit^  the  disease  than  is  the  rat. 

The  two  principal  species  of  rats  to  be  considered  in  this  connection 
are  Epimys  norvegicus  and  Epimys  rattus.  The  spread  from  rat  to 
rat,  according  to  the  Second  Indian  Commission,  is  entirely  by  means 
of  infected  fleas. 

The  ordinary  spread  of  the  disease  to  man,  according  to  this  same 
commission,  comes  from  Epimys  rattus,  which  lives  in  close  relation- 
ship with  man  and  is  conveyed  to  man  largely  by  the  rat  flea,  Xenop- 
sylla  cheopis.  This  flea  leaves  the  dead  rat  in  about  three  days, 
and  is  capable  of  living  for  three  or  four  weeks  on  man's  blood. 
The  plague  bacilli  need  about  three  days'  incubation  in  the  body  of 
the  flea. 

Summarizing  the  knowledge  at  present  available  about  the  spread 
of  the  plague,  it  seems  likely  that,  excepting  in  the  case  of  pneumonic 
plague,  the  ordinary  method  is  by  means  of  rat  fleas. 

It  is  a  curious  fact  obsnrved  by  various  bacteriologists  that  plague 
bacilli  isolated  from  pneumonic  cases  are  particularly  apt  to  cause 
pneumonic  lesions,  having,  as  it  were,  acquired  a  selective  pathogenicity 
for  the  lung.    A  mort  valuable  contribution  to  our  knowledge  of  pneu- 


'  Wherry,  Jour.  Inf.  Db.,  v.  1908. 

»  McCyy.  Jour.  Inf.  Did.,  vi,  1909;  vii,  lOltt 

•  Wu  Lien  Tek,  Jour,  of  Hyg.,  xiii,  1918. 
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monic  plague  has  recently  been  made  by  Strong,  Teague,  and  Barber' 
in  their  report  of  the  American  Red  Croaa  Expedition  to  Manchuria 
during  the  plague  epidemic  of  1910-1 1 .  Their  investigations  were  made 
with  remarkable  courage  and  skill  under  difficult  conditions. 

The  chief  points  of  interest  in  their  reports  may  be  summarized  as 
follows:  Expired  air  of  plague  patients  rarely  contains  the  bacilli;  these 
are  thrown  out  in  coughing  or  hawking.  Transmissidn  is,  in  this  fonu, 
direct  from  patient  to  patient  and  not  indirect  through  animals.  The 
first  localization  (Strong,  Teague,  and  Crowell)  is  in  the  bronchi  from 
which  extension  takes  place.  Septicemia  soon  follows  the  pneumonic 
[woceas.  Spreadii^  occurs  most  likely  in  the  wet  and  cold  of  winter, 
since  the  bacteria  are  rapidly  destroyed  by  drying. 

Toxin  Foimation. — The  systemic  symptoms  of  plague  are  largely  due 
to  the  absorption  of  poisonous  products  of  the  bacteria.  Albrecht  and 
Ghon,*  Wernicke,'  and  others  were  unable  to  obtain  any  toxic  action 
with  broth-cultiu^  filtrates  and  concluded  that  the  poisons,  of  B.  pestis 
were  chiefly  endotoxins,  firmly  attached  to  the  bacterial  body.  Kosael 
and  Overbeck,*  however,  on  the  basis  of  a  careful  investigation,  came 
to  the  conclusion  that,  in  addition  to  the  endotoxin,  there  is  formed  in 
older  broth  cultures  a  definite  and  important  true,  soluble  toxin. 

Inununiiatlon. — A  single  attack  of  pl^ue  usually  protects  human 
beings  from  reinfection.  A  second  attack  in  the  same  individual  is 
extremely  rare.  Immunization  in  animals  produces  specific  agglutinat- 
ing and  bacteriolytic  substances  which  are  of  great  importance  in  the 
bacteriologicfil  diagnosis  of  the  bacillus.  The  agglutinating  action  of  the 
serum  of  patients  is  clinically  important  in  the  diagnosis  of  the  disease, 
even  in  dilutions  of  one  in  ten,  since  undiluted  normal  human  seriun 
has  no  agglutinating  effect  upon  plague  bacilli. 

Active  immunization  of  animals '  is  accomplished  by  inoculation  of 
the  whole  dead  bacteria.  HafTkine  has  attempted  active  immunization 
in  human  beings  by  subcutaneous  treatment  with  sterilized  broth  cul- 
tures of  B.  pestis.  Gaffky '  and  his  collaborators  recommend,  for  similar 
purposes,  forty-eight-hour  f^ar  cultures  of  a  bacillus  of  standard  viru- 
lence, emulsified  in  bouillon  and  sterilized  at  65°  C, 

'  Strong,  Teoffue,  and  Barber,  Philippine  Jour,  of  Sc,  Sect.  B,  vii,  1912,  No.  3, 

*  AlbreelU  und  Ghon,  loc.  cit. 

*  Wernicke,  Cent,  f.  Bakt.,  Ret.,  xxiv,  18^. 

*  Koa«d  und  Overbeck,  Arb,  a.  d.  Geaundh.,  xviii,  1901. 

*  Yergin,  Calmelie,  et  Roux,  Ann,  de  I'inat.  Pasteur,  1895. 

*  Gaffkji,  Pfeiffer,  Slicker,  und  Dwudonni,  Arb-  a.  d.  kaia.  GeaundheitAamt,  xvi. 
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The  curative  plague  serum  prepared  by  Yerdu  aod  others  try  the 
immunizatioa  of  horses  with  plague  cultures  has  been  extensively  used 
in  practice  and  though  often  disappointing,  a  definitely  beneficial  in- 
fluence on  the  milder  cases  has  been  noted.  The  sera  are  standardised 
by  their  protective  power  as  measured  in  white  rata. 

THK  PLAaUI-UKE  DISEASE  OF  RODENTS  (HcCOT)  > 

Bacterium  Tvlarense  (McCoy  and  Chapin)' 

McCoy  has  described  a  disease  occurring  in  Califomian  ground 
squirrels  (Citellus  beechyi)  which  preseute  lesions  very  Eomilar  to  those 
of  plf^e  in  these  animals.  In  fact  the  disease  was  noticed  in  the 
course  of  the  systematic  examination  of  rodents  by  McCoy  at  the 
Federal  Laboratory  in  San  Francisco.  Although  McCoy  was  able  to 
transmit  the  disease  to  guinea-pigs,  mice,  rabbits,  monkeys,  and  gophos, 
and  plague-like  lesions  could  be  produced  in  most  of  the  animals,  he  was 
at  first  entirely  unable  to  cultivate  any  organism  from  these  Ie»03s. 
In  1912  McCoy  and  Chapin  finally  succeeded  in  growing  the  specific 
bacterium  on  an  e^^  medium  made  entirely  of  the  yolk.  tAox- 
phologically  it  is  a  very  small  rod,  0.3  to  0.7  micron  in  length  and  often 
capsulated.  The  rods  stain  poorly  with  methylene  blue,  bettw  with 
carbol  fuchsin  or  gentian  violet.  They  are  found  in  large  numb»B  in 
the  spleens  of  animals  dead  of  the  disease. 

'  McCoy.  U.  S.  Public  Health  BuD.  43,  IflU. 
■  McCoy  and  Chapin,  Jour,  of  Inf.  Dis.,  x,  1912. 


Digitized  by  Google 


CHAPTER  XL 

BACILLUS  ANTHRACIS  AND  ANTHRAX 

{M'dzbrand,  Ckarbon) 

Anihrax  ia  primarily  a  disease  of  the  herbivora,  attacking  especially 
cattle  and  sheep.  Infection  not  infrequently  occurs  in  horses,  hogs,  and 
goats.  In  other  domestic  animals  it  is  exceptional.  Man  is  susceptible  to 
the  disease  and  contracts  it  either  directly  from  the  living  animals  or 
from  the  hides,  wool,  or  other  parts  of  the  cadaver  used  in  the  industries. 

The  history  of  the  disease  dates  back  to  the  most  ancient  periods  and 
anthrax  has,  at  all  times,  been  a  severe  scourge  upon  cattle-  and  sheep- 
raising  communities.  Of  all  infections  attacking  the  domestic  animals 
no  other  has  claimed  so  many  victims  as  anthrax.  InRussia,  where 
the  disease  is  most  common,  72,000  horses  are  said  to  have  succumbed 
in  one  year  (1864).' 

In  Austro-Hungary,  Germany,  France,  and  the  Eastern  countries, 
each  year  thousands  of  animals  and  numerous  human  beings  perish  of 
anthrax.  In  England  and  America  the  disease  is  relatively  infrequent. 
No  quarter  of  the  globe,  however,  is  entirely  free  from  it. 

Especial  historical  interest  attaches  to  the  anthrax  bacillus  in  that 
it  was  the  first  microorganism  proved  definitely  to  bear  a  specific  etio- 
logical relationship  to  an  infectious  disease.  The  discovery  of  the  an- 
thrax bacillus,  therefore,  laid,  as  it  were,  the  cornerstone  of  modem 
bacteriology.  The  bacillus  was  first  observed  in  the  blood  of  infected 
animals  by  Pollender  in  1849,  and,  independently,  by  Brauell  in  1857. 
Davaine,*  however,  in  1863,  was  the  first  one  to  produce  experimental 
infection  in  animals  with  blood  containing  the  bacilli  and  to  suggest 
H  direct  etiological  relationship  between  the  two.  Final  and  absolute 
proof  of  the  justice  of  Davaine's  contentions,  however,  was  not  brought 
until  the  further  development  of  bacteriological  technique,  by  Koch,' 
had  made  it  possible  for  this  last  ob8er\'er  to  isolate  the  bacillus  upon 

'  Quoted  from  Sobemheim.  Kolle  und  Was 
>  Davaine,  Comptee  rend,  de  I'acad.  dea  a( 
*Kodt,  Cohn's"  Beitr.  z.  Biol.  d.  Pflanzen,"  ii,  1878. 
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artificial  media  aiid  to  reproduce  the  disease  experimentally  by  inocu- 
lation with  pure  cultures. 

Morphology  and  Staining. — The  anthrax  bacillus  is  a  straight  rod, 
5  to  10  micra  in  length,  1  to  3  micra  in  width.  It  is  non-motile. 
In  preparations  made  from  the  blood  of  an  infected  animal,  the  bacilli 
are  usually  single  or  in  pairs.  Grown  on  artificial  media  they  form 
tangles  of  long  threads.    Their  ends  are  cut  off  squarely,  in  sharp  con- 


FiG.  120,~BAriiiLus  anthracis.    From  pure  culture  on  a^r. 

trast  to  the  rounded  ends  of  many  other  bacilli.  The  comers  arc  oftea 
sharp  and  the  entls  of  bacilli  in  contact,  in  a  chain  often  touch  each  other 
only  at  these  points,  leaving  in  consequence  an  oval  chink  between  the 
ends  of  the  organisms.  The  appearance  of  a  chain  of  anthrax  bacilli, 
therefore,  hoa  Ixvn  not  inaptly  compared  to  a  rod  of  bamboo.  On 
artificial  media  the  anthrax  bacillus  forms  spores.  Oxygen  is  necessary 
for  the  formation  of  these  sporc-s  and  they  are  consequently  not  found 
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in  the  blood  of  infected  subjects.  The  spores  are  located  in  tbe  middle 
of  the  bacilli  and  are  distinctly  oval.  They  are  difficult  to  atain,  but 
may  be  demonstrated  by  any  of  the  usual  spore-.staining  procedures, 
fluch  an  M&ller'a  or  Novy's  methods.  The  bacilli  themselves  are  easily 
stained  by  the  usual  anilin  dyes,  and  ^ntian-violet  or  fuchsin  in  aque- 
ous solution  may  be  conveniently  employed.  They  are  not  decolorized 
by  Gram's  method. 

In  preparations  from  animal  tissues  or  blood,  stained  by  special  pro- 


ANTHRACis.     In    section    of    kidney  of  animal    dead    of 
anthrax. 

cedures,  the  anthrax  bacillus  may  occasionally  be  seen  to  possess  a  cap- 
sule. The  capsule  is  never  seen  in  preparations  from  the  ordinary 
artificial  media.  Soree  observers  have  demonstrated  them  in  cultures 
grown  in  fluid  blood  serum.  In  chains  of  anthrax  bacilli,  the  capsule 
when  present  seems  to  envelop  the  entire  chain  and  not  the  individual 
bact«ria  separately. 

a, — Isolation  of  the  anthrax  bacillus  from  infected  material 
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is  comparatively  simple,  both  because  of  the  ease  of  its  cultivation  and 
because  of  the  sharply  characteristic  features  of  its  morphological  and 
cultural  appearance. 

OnltiTation. — The  anthrax  bacillus  is  an  aerobic,  facultatively  anaero- 
bic bacillus.  ^^'hiIe  it  may  develop  slowly  and  sparsely  untler  anaerobic 
conditions,  free  oxygen  is  required  to  permit  its  luxuriant  and  charac- 
teristic growth. 

The  optimum  temperature  for  its  cultivation  ranges  about  37.5"  C, 
It  is  not,  however,  delicately  susceptible  to  moderate  variations  of  tem- 


FiQ.  122. — Bacillus  anthkacis.     In  smear  of  spleen  of  animal  dead  of  anthrax. 


perature  and  growth  does  not  cease  until  temperatures  as  low  as  12**  C. 
or  as  high  as  45°  C.  are  reached.  By  continuous  cultivation  at  some  of 
the  temperatures  near  either  the  higher  or  the  lower  of  these  limits,  the 
bacillus  may  become  well  adapted  to  tlie  new  environment  and  attain 
luxuriant  growth.' 

The  anthrax  bacillus  may  be  cultivated  on  all  of  the  usual  artificial 
media,  growing  upon  the  meat-extract  as  well  as  upon  tbe  meat-infusion 
media. 


>  IHeudomU,  Arb,  a.  d.  kais.  GesundbeitaarBt,  1894 
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It  mny  be  cuitivated  also  upoD  hay  infusion,  various  other  vegetable 
media,  sugar  solutions,  and  urine.  While  moderate  acidity  of  the 
medium  does  not  prevent  the  growth  of  this  bacillus,  the  most  favorable 
reaction  for  media  is  neutrality  or  slight  alkalinity. 

Cn  gelatin  plates,  colonies  develop  within  twenty-four  to  forty-eight 
hours  as  opaque,  white  disks,  pin-head  in  size,  irregularly  round  and 
rather  fiat.  As  the  colonies  increase  in  size  their  outlines  become  less 
regular  and  under  the  microscope  they  "are  seen  to  be  made  up  of  a 
hair^ike  tangle  of  threads  spreading  in  thin  wavy  layers  from  a  more 
compact  central  knot.  The  microscopic  appearance  of  these  colonies 
has  been  aptly  described  as  resembling  a  Medusa  head.    Fragments  of  a 


Pw.  123. — Anthrax  Colont  on  Geiuitin.      (After  Gonther.) 

colony  examined  on  a  shde  with  a  higher  power  show  the  individual 
threads  to  be  made  up  of  parallel  chains  of  bacilli. 

After  B  day  or  two  of  further  growth,  the  gelatin  about  the  colonies 
becomes  fiuidilied. 

In  gelatin  stab  cuUvres,  growth  appears  at  first  as  a  thin  white  line 
along  the  course  of  the  puncture.  From  this,  growth  proceeds  in  thin 
spicules  or  filaments  diverging  from  the  stab,  more  abundantly  near  the 
top  than  near  the  bottom  of  the  stab,  owing  to  more  active  growth  in 
well  oxygenated  environment.  The  resulting  picture  is  that  of  a  small 
inverted  "Christmas  tree."  Fluidificatlon  begins  at  the  top,  at  first  a 
shallow  depression  filled  with  an  opaque  mixture  of  bacilli  and  fluid. 
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Later  the  bacilli  sink  to  the  bottom  of  the  flat  depreasion,  leaving  a  clew 
supernatant  fluid  of  peptonized  gelatin. 

In  broth,  growth  takes  place  rapidly,  but  does  not  lead  to  an  even, 
general  clouding.  There  is  usually  an  initial  pellicle  formation  at  the 
top  where  the  oxygen  supi>]y  is  greatest.  Simultaneously  with  thb  a 
fliiray  mass  appears  at  the  bottom  of  the  lube,  owing  to  the  sinking  of 


.  124. — Anthrax  Colony  on  Aqak. 


bacilli  to  the  bottom,  .^part  from  isolated  flakes  and  threads  the  intei^ 
vcninK  broth  is  clear.  Shaken  up,  the  tube  shows  a  tough,  stringy  mass, 
not  unlike  a  small  cotton  fluff,  and  general  clouding  is  produced  only 
by  vigorous  mixing. 

Upon  at/ar  plates,  growth  at  37.5°  C,  is  vigorous  and  colooica  appear 
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nrithin  twelve  to  twenty-four  hours.  They  are  irregular  in  outiino, 
slightly  wrinkled,  and  show  under  the  microscope  the  characteristic 
tangled-thread  appearance  seen  on  gelatin,  except  that  they  arc  more 
compact  than  upon  the  former  medium.  The  colonies  are  slightly  glisten- 
ing and  tough  in  consistency. 

On  agar  alarita,  the  colonies  usually  become  confluent,  the  entire 
surface  soon  being  covered  by  a  grayish,  tough  pellicle  which,  if  Eshed, 
has  a  tendency  to  come  away  in  thin  strips  or  strands. 

On  potato,  growth  is  rapid,  white,  and  rather  dry,  Sporulation  upon 
potato  is  rapid  and  marked,  and  the  medium^  is  favorable  for  the  study 
of  this  phase  of  development. 

MUk  is  slowly  acidified  and  slowly  coagulated.  This  action  is  chiefly 
upon  the  casein;  very  few,  if  any,  changes  being  produced  either  in  the 
sugars  or  in  the  fats  of  the  milk.  The  acids  formed  are,  according  to 
Iwanow,'  chiefly  formic,  acetic,  and  caproic  acids. 

Biologkal  Oj^nsidwatioiu. — ^The  anthrax  bacillus  is  aerobic  and  facul- 
tatively anaerobic.  It  is  non-motile  and  possesses  no  flagella.  In  the 
animal  body  it  occasionally  forms  capsules.  In  artificial  ciUtures  in 
the  presence  of  oxygen,  it  sooner  or  later  invariably  forms  spores.  The 
spores  appear  after  the  culture  has  reached  its  maximum  of  develop- 
ment. Sporulation  never  occurs  in  the  animal  body,  probably  because 
of  the  absence  of  sufficient  free  oxygen.  Spores  are  formed  most  exten- 
sively '  at  temperatures  ranging  from  20°  C.  to  30°  C.  Spore  formation 
eeases  below  18°  C.  and  above  42°  C.  For  different  strains  these  figures 
may  vary  slightly,  as  kaa  been  shown  from  the  reaulte  of  various 
observers.  Spores  appear  most  rapidly  and  regularly  upon  agar  and 
potato  media. 

The  spore — one  in  each  bacillus — appears  as  a  small,  highly  refractile 
spot  in  the  center  of  the  individual  bacterium.  As  this  enlarges,  the 
body  of  the  bacillus  around  it  gradually  undergoes  granular  degenera- 
tion and  loses  its  staining  capacity.' 

If  anthrax  bacilli  are  cultivated  for  prolonged  periods  upon  media 
containing  hydrochloric  or  rosolic  acid  or  weak  solutions  of  carbolic 
acid,'  cultures  may  be  obtained  which  do  not  sporulate  and  which  seem 
permanently  to  have  lost  this  power,  without  losing  their  virulence  to 
the  same  degree.     Similar  results  may  be  obtained  by  continuous  cul- 

'  /uunoiD,  Ann.  de  I'inst.  Pasteur,  1892. 

'  KocA,  loc.  dt. 

•  Behring.  Zeit.  f.  Hyg,,  vi  and  vii,  1889;   Deut.  med.  Woch.,  1889. 

<  CAomborlond  et  Roux,  Comptcs  rend,  de  I'acad.  dee  srJ.,  xcvi,  1882. 
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tivation  at  temperatures  above  42"  C.  By  this  procedure,  however, 
virulence,  too,  is  coiisiderably  diminished. 

Resistancs. — Because  of  its  property  of  spore  formation,  the  anthrax 
bacillus  is  extremely  resistant  toward  chemical  and  physical  environ- 
ment. The  vegetative  forms  themselves  are  not  more  resistant  tiian 
most  other  non-sporulating  bacteria,  being  destroyed  by  a  temperature 
of  54°  C,  in  ten  minut«s.  Anthrax  spores  may  be  kept  in  a  dry  state 
for  many  years  without  losing  their  viability.'  While  different  strains 
of  anthrax  spores  show  some  variation  in  their  powers  of  resistance, 
all  races  show  an  extremely  high  resistance  to  heat.  Dry  heat  at  140** 
G.  kills  them  only  after  three  hours.'  Live  steam  at  100°  kiUs  them  in 
five  to  ten  minutes.  Boiling  in  water  destroys  them  in  about  ten  min- 
utes. Low  temperatures  have  but  little  effect  upon  them.  Ravenel  * 
found  that,  frozen  by  liquid  air,  they  were  still  viable  after  three  hours. 

The  variability  shown  by  different  strains  of  spores  in  their  redstance 
to  heat  is  even  more  marked  in  their  behavior  toward  chemicals.*  Some 
strains  will  retain  their  viability  after  exposure  to  five-per-cent  cartM>lic 
acid  for  forty  days,'  while  others  are  destroyed  by  the  same  solution  in 
two  days.  Corrosive  sublimate,  1  : 2,000,  kills  most  stnuns  of  anthrax 
,  in  forty  minutes. 

Direct  sunlight  destroys  anthrax  spores  within  mx  to  twelve  houts.* 

PathogeDieity. — The  anthrax  bacillus  is  pathogenic  for  cattle, 
sheep,  guinea-pigs,  rabbits,  rats,  and  mice.  The  degrees  of  susceptibil- 
ity of  these  animals  differ  greatly,  variations  in  this  respect  existing  even 
among  different  members  of  the  same  species.  Thus,  the  long-haired 
.Algerian  sheep  show  a  high  resistance,  while  the  ^European  variety  are 
highly  susceptible;  and,  similarly,  the  gray  rat  is  much  more  resistant 
than  the  white  rat.  Dogs,  hogs,  cats,  birds,  and  the  coM-blooded  ani- 
mals are  relatively  insusceptible.  For  man  the  baciUus  is  definitriy 
pathogenic,  though  less  bo  than  for  some  of  the  animals  mentiooed 
above. 

While  separate  races  of  anthrax  bacilli  may  vary  much  iu  their  de- 
gree of  virulence,  a  single  individual  strun  remuns  fairly  constant  in 
this  respect  if  preserved,  dried  upon  threads  or  kept  in  sealed  tubes,  in 

>  Surmont  et  Amould,  Ann.  de  I'inHt.  Pasteur,  1894. 

*Koch  und  Wolffhiigel.  Mitt.  a.  d.  kais.  Gesundheitaamt,  1881. 

*  Ravenel,  Medical  News,  vii,  1899. 
Trankd,  Zeit.  t.  Hyg.,  vi,  1889. 

*  Koch,  loc.  cit. 

*  Momoid,  Ann.  de  llnst.  Paateur,  I8S2. 
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&  cold,  dark  place.  Virulence  may  be  reduced '  by  various  attenuating 
laboratory  procedures  which  are  of  importance  in  that  they  have  made 
possible  prophylactic  immunization.  Heating  the  bacilli  to  55°  C.  for 
ten  minutes  considerably  reduces  their  virulence.  Similar  results  are 
obtained  by  prolonged  cultivation  at  temperatures  of  42°  to  43°  C, 
or  by  the  addition  of  weak  disinfectants  to  the  culture  fluids.'  Once 
reduced,  the  new  grade  of  virulence  remains  fairly  constant.  Increase 
of  virulence  may  be  artificially  produced  by  passage  through  animals. 

Experimental  infections  in  susceptible  animals  are  most  easily  accom- 
plished by  subcutaneous  inoculations.  The  inoculation  is  followed,  at 
first,  by  no  morbid  symptoms,  and  some  animals  may  appear  perfectly 
well  and  comfortable  until  within  a  few  hours  or  even  moments  before 
death,  when  they  suddenly  become  visibly  very  ill,  rapidly  go  into 
collapse,  and  die.  The  length  of  the  disease  depends  to  some  extent, 
of  course,  upon  the  resistance  of  the  infected  subject,  being  in  guinea- 
pigs  and  mice  from  twenty-four  to  forty-eight  hours.  The  quantity  of 
infectious  material  introduced,  on  the  other  hand,  has  little  bearing 
upon  the  final  outcome,  a  few  bacilli,  or  even  a  single  bacillus,  often 
sufficing  to  bring  about  a  fatal  infection.  Although  the  bacilli  are  not 
demonstrable  in  the  blood  until  just  before  death,  they  nevertheless 
invade  the  blood  and  lymph  streams  immediately  after  inoculation, 
and  are  conveyed  by  these  to  all  the  organs.  This  has  been  demonstrated 
clearly  by  experiments  where  inoculations  into  the  tail  or  ear  were  im- 
mediately followed  by  amputation  of  the  inoculated  parts  without  pre- 
vention of  the  fatal  general  infection.  The  bacilli  are  probably  not  at 
first  able  to  multiply  in  the  blood.  At  the  place  of  inoculation  and 
probably  in  the  oi^ans  they  proliferate,  until  the  re.sistance  of  the  in- 
fected subject  is  entirely  overcome.  At  this  stage  of  the  disease,  no 
longer  held  at  bay  by  any  antagonistic  qualitict^  of  the  blood,  they  enter 
the  circulation  and  multiply  within  it.  Autopsy  upon  such  animals 
reveals  an  edematous  hemorrhagic  infiltration  at  the  point  of  inocu- 
lation. The  spleen  is  enlarged  and  congested.  The  kidneys  are  con- 
gested, and  there  may  be  hemoniiagic  spots  upon  the  serous  mem- 
branes. The  bacilli  are  found  in  large  numbers  in  the  blood  and  in  the 
capillaries  of  all  the  organs.  • 

The  mode  ot  action  of  Bacillus  anthracis  is  as  yet  an  unsettled  point. 
It  is  probable  that  death  is  brought  about  to  a  large  extent  by  purely 

■  ToumaiiU,  Caiaptee  rend,  de  I'acad.  des  aci.,  xd,  1880;  Ftuteur,  Chamberland 
tit  Bovx,  CnuptcB  rend,  de  r&csd.  desHci.,  xcii,  1S81. 
'  CAoinbcrlaiMJ  et  Rma,  ibid.,  scvi,  188? 
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mechanica)  means,  such  as  capillary  obstructioa.  Neither  a  true 
secretory  toxin  nor  an  endotoxin  has  been  demonstrated  for  the  anthrax 
bacillus.  The  decidedly  toxemic  clinical  picture  of  the  disease,  however, 
in  some  animals  and  in  man,  precludes  our  definitely  concluding  that 
such  poisons  do  not  exist.  It  is  a  matter  of  fact,  however,  that  neither 
culture  filtrates  nor  dead  bacilli  have  any  noticeable  toxic  effect  upon 
test  animals,  and  exert  no  appreciable  immunising  action. 

Spontaneous  infection  of  animals  takes  place  largely  by  way  of  the 
alimentary  canal,  the  bacilli  being  taken  in  with  the  food.  The  bacteria 
are  swallowed  as  spores,  and  therefore  resist  the  acid  gastric  juice.  In 
the  intestines  they  develop  into  the  vegetative  forms,  increase,  and 
gradually  invade  the  system.  •  The  large  majority  of  cattle  infections 
are  of  this  type.  Direct  subcutaneous  infection  may  also  occur  spoota- 
neoualy  when  small  punctures  and  abrasions  about  the  mouth  are  made 
hy  the  sharp  spicules  of  the  hay,  straw,  or  other  varieties  of  fodder. 

When  infection  upon  a  visible  part  occurs,  there  is  formed  a  diffuse, 
tense  local  swelling,  not  unlike  a  large  carbuncle.  The  center  of  this  may 
be  marked  by  a  black,  necrotic  slough,  or  may  contain  a  pustblar  de- 


Infection  by  inhalation  is  probably  rare  among  animals.  Trans- 
mission among  animals  is  usually  by  the  agency  of  the  excreta  or  uq- 
bumed  carcasses  of  infected  animals.  The  bacilli  escaping  from  the 
body  are  deposited  upon  the  earth  together  with  animal  and  vegetable 
matter,  which  forms  a  suitable  medium,  for  sporulation.  The  spores 
may  then  remain  in  the  immediate  vicinity,  or  may  be  scattered  by 
rain  and  wind  over  considerable  areas.  The  danger  from  buried  car- 
casses, at  6rst  suspected  by  Pasteur,  is  probably  very  slight,  owing  to  the 
fact  that  the  baciUi  can  not  sporulate  in  the  anaerobic  environment  to 
which  the  burying-process  subjects  them.  The  disease,  in  infected  cattle 
and  sheep,  is  usually  acute,  killing  within  one  or  two  days.  The  mortality 
is  extremely  high,  fluctuating  about  eighty  per  cent. 

In  man  the  disease  is  usually  acquired  by  cutaneous  inoculation.  It 
may  also  occur  by  inhalation  and  through  the  alimentary  tract. 

Cutaneous  inoculation  occurs  usually  through  small  abra^oos  or 
scratches  upon  the  skin  in  men  who  habitually  handle  live-stock,  and 
in  butchers,  or  tanners  of  hides.  Infection  occurs  most  frequently  upon 
the  hands  and  forearms.  The  primary  lesion,  often  spoken  of  as  "  malig- 
nant pustule,"  appears  within  twelve  to  twenty-four  houis  after  inocula- 
tion, and  resembles,  at  first,  an  ordinary  small  furuncle.  Soon,  hoivev^ 
its  center  will  show  a  vesicle  filled  with  sero-sanguineous,  later  aeio* 
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punilept  fluid.  Thia  may  change  into  a  black- central  necrosis  sur- 
rounded by  an  angry  red  edematous  areola.  Occasionally  local  gangrene 
and  general  systeniic  infection  may  lead  to  ileath  within  five  or  six  days. 
More  frequently,  however,  especially  if  prompt  excision  is  practiced,  the 
patient  recovers.  The  early  diagnosis  of  the  condition  is  best  made 
bacteriologicaUy  by  finding  the  bacilli  in  the  local  discharge. 

The  pulmonary  infection,  known  as  "wool-sorter's  disease,"  occurs 
in  persons  who  handle  raw  wool,  hides,  or  horse  hair,  by  the  inhala- 
tion or  by  the  swallowing  of  spores.  The  disease  is  fortunately  rare  in 
this  country.  The  spores,  once  inhaled,  devcloi>  into  the  vegetative 
forms '  and  these  travel  along  the  lymphatics  into  the  lungs  and 
pleura.  The  disease  manifests  itself  as  a  violent,  irregular  pneumonia, 
which,  in  the  majority  of  cases,  leads  to  death.  The  bacilli  in  these 
cases  can  often  be  found  in  the  sputum  before  death. 

Infection  through  the  alimentary  canal  may  occasionally,  though 
rarely,  occur  in  man,  the  source  of  infection  being  usually  ingestion  of 
the  uncooked  meat  of  infected  animals.  This  form  of  infection  is  rare, 
because  in  many  cases  the  bacilli  have  not  sporuIat«d  in  the  animal 
and  the  ingested  vegetative  forms  are  injured  or  destroyed  by  the  acid 
gastric  juice.  When  viable  spores  enter  the  gut,  however,  infection  may 
take  place,  the  initial  lesion  being  localized  usually  in  the  smaU  intes- 
tine. The  clinical  picture  that  follows  is  one  of  violent  enteritis  with 
bloody  stools  and  great  prostration.  Death  is  the  rule.  The  diagnosis 
is  made  by  the  discovery  of  the  bacilli  in  the  feces. 

General  hygienic  prophylaxis  against  anthrax  consists  chiefly  in  the 
destruction  of  infect«d  animals,  in  the  burying  of  cadavers,  and  in  the 
diranfection  of  stables,  etc.  The  practical  impossibility  of  destroying 
the  anthrax  spores  in  infected  pastures,  etc.,  makes  it  necessary  to  re- 
sort to  prQphylactic  immunization  of  cattle  and  sheep. 

Inunujiity  Bgunst  Antlirax. — Minute  quantities  of  virulent  anthrax 
cultures  usually  suffice  to  produce  death  in  susceptible  animals.  Dead 
cultures  are  inefficient  in  calling  forth  any  immunity  in  treated  subjects. 
It  is  necessary,  therefore,  for  the  production  of  active  immunity  to 
resort  to  attenuated  cultures.  The  safest  way  to  accomplish  such  at- 
tenuation is  the  one  originated  by  Pasteur,^  consisting  in  prolonged 
cultivation  of  the  bacillus  at  42°  to  43°  C.  in  broth.  Non-apore-forming 
races  are  thus  evolved. 

The  longer  the  bacilli  are  grown  at  the  above  tfimperature  the  greater 

'  Eppirtger,  Wien.  med.  V'ooh.,  1888.        '  Paatew,  loc  dt. 
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is  the  rEtduction  in  their  virulence.  Koch,  GafTky,  and  LoefBer,*  utilizing 
the  variations  in  susceptibilitict)  of  different  species  of  animala,  devised  u 
method  by  means  of  which  the  relative  attenuation  of  a  given  culture  ma^ 
be  estimated  and  standardized.  Rabbits  are  leas  susceptible  than  guinea- 
pigs,  and  virulent  anthrax  cultures,  grown  for  two  or  three  days  under  the 
stated  conditions,  lose  their  power  to  kill  rabbits,  but  are  leas  virulent  for 
guinea-piga.  After  ten  to  twenty  days  of  further  cultivation  at  42°C. 
the  virulence  for  the  guinea-pig  disappears,  but  the  culture  is  potent 
against  the  atill  more  susceptible  mouse.  Even  the  virulence  for  mice 
may  be  entirely  eliminated  by  further  cultivation  at  this  temperature. 

The  method  of  active  immunization  first  practiced  by  Pasteur,  aad 
still  used  extensively,  is  carried  out  as  follows:  Two  anthrax  cultured 
of  varj'ing  degrees  of  attenuation  are  used  as  vaccina.  The  premier 
vocctn  is  a  culture  which  has  lost  its  virulence  for  guinear-pigs  and 
rabbits,  and  is  potent  only  against  mice.  The  deuxiime  vaccin  is  a  cul- 
ture which  is  still  definitely  virulent  for  mice  and  guinea-pigs,  but'  not 
potent  for  rabbits.  Forty-eight^our  broth  cultures  of  these  strains, 
grown  at  37.5°  C,  form  the  vacdn  actually  employed.  Vaccin  I  ia 
suhcutaneously  injected  into  cattle  in  dosca  of  0.25  c.c,  sheep  receiving 
about  half  this  quantity.  After  twelve  daya  have  elapsed  similar  quan* 
titles  of  Vaccin  II  are  injected, 

Pasteur's  method  has  given  excellent  results  and  confers  an  im- 
munity which  lasts  about  a  year. 

Chauveau  *  has  modified  Pasteur's  method  by  growing  tiie  bacilU 
in  bouillon  at  38°  to  39°  C,  at  a  pressure  of  eight  atmospheres.  Cul- 
tures are  then  made  of  races  attenuated  in  tliis  way,  upon  chicken 
bouillon  and  allowed  to  develop  for  thirty  daya.  Single  injections  of 
0.1  c.c.  each  of  such  cultures  are  said  to  protect  cattle. 

Active  immunization  of  small  laboratory  animals  is  very  difBcutt, 
but  can  be  accomplished  by  careful  treatment  with  extremely  attenu- 
ated cultures. 

Passive  immunization  by  means  of  the  serum  of  actively  imxaune 
animals  was  first  successfully  accomplished  by  Sclavo.* 

The  subject  of  passive  immunization  has  been  especially  investigated 
and  practically  applied  by  Sobemheim.'  The  serum  used  is  produced  by 
actively  immunizing  sheep.    It  is  necessary  to  carry  immunization  to  an 

■  Kock,  Gaffky,  und  Loeffler,  Mitt.  a.  d.  kais.  Qeaundbeitaamt,  1884. 
*  Chauveau,  Comptee  rend,  de  I'acad.  dea  sci.,  1884. 
*Sdavo,  Cent.  f.  Bakt.,  iviii,  1895. 
*8ijberiiheim,  Zeit.  I.  Uyg.,  xxv,  1897;  zxxi,  1890. 
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extremely  high  degree  in  order  to  obtain  any  appreciable  protectivp 
power  in  the  serum.  This  is  accomplished  by  preliminary  treatment 
with  Pasteur's  or  other  attenuated  vaccines,  foUowed  by  gradually 
increasing  dosea  of  fully  virulent  cultures.  Treatment  continued  at 
intervals  of  two  weeks,  for  two  or  three  months,  usuaUy  produces  an 
effective  serum.  Horses  and  cattle  may  also  be  used  for  the  process,  but 
they  are  believed  by  Sobemheim  to  give  less  active  sera  than  sheep. 
Bleeding  is  done  about  three  weeks  after  the  last  injection.  The  sera 
are  stable  and  easily  preserved. 

Injections  of  20  to  25  c.c.  of  such  a  serum  have  been  found  to  protect 
animals  effectually  from  anthrax  and  to  confer  an  immunity  lasting 
often  as  long  as  two  months.  Animab  already  infected  arc  said  to  be 
saved  by  treatment  with  25  to  100  c.c.  of  the  serum. 

Neither  specific  bactericidal  nor  bacteriolytic  properties  have,  so 
far,  been  demonstrated  in  these  immune  sera.  In  fact,  these  properties 
are  distinctly  more  pronounced  against  BacUlus  anthracis  in  the  normal 
sera  of  rate  and  dogs.  Agglutinins  have  not  been  satisfactorily  demon- 
strated in  sera,  partly  because  of  the  great  technical  difficulties  en- 
countered in  the  active  chain-formation  of  the  bacillus  in  fluid  media. 
An  increase  of  opsonic  power  of  such  serum  over  normal  serum  has 
not  been  satisfactorily  demonstrated. 

Battoia  OloMlr  RtMrnbUng  Baeilhu  aathrMii. — In  most  laboratory 
collections  there  arc  strains  of  true  anthrax  bacilli  so  attenuated  that 
they  are  practically  non-pathogenic.  These  do  not  differ  from  the 
virulent  strains  in  any  morphological  or  cultural  characteristics. 
Besides  such  strains  there  are  numerous  non-virulent  bacteria  culturally 
not  identical  with  Bacillus  anthracb,  but  resembling  it  very  closely. 

B.  ANTHRAcoiDES  (Hucppe  and  Wood  '). — A  Gram-poaitive  bacillus, 
morpholo^cally  different  from  B.  anthracis  in  that  the  ends  are  more 
roonded.  Culturally,  somewhat  more  rapid  in  growth  and  more  rapid 
in  gelatin  Suidification.  Non-pathogenic.  Otherwise  indistinguishable 
from  B.  anthracis. 

B.  RADicoBUB  (Wurzel  Bac^ua). — Cultivated  from  water — city  water 
suj^lies.  Morphologically  somewhat  lai^er  than  Bacillus  anthracis,  and 
the  individual  bacilli  more  irregular  in  size.  Ver^'  rapid  fluidification  of 
gelatin  and  growth  most  active  at  room  temperature.     Non-pathogenic. 

B.  sOBTiLis  (Hay  BacUtm). — Although  not  very  closely  related  to 
the  anthrax  group,  this  bacillus  is  somewhat  similar  and  conveniently 

>  Itveppe  und  Wood,  Berl.  klin.  Wodi.,  xvi,  1880. 
88 

Digitized  by  Google 


576  PATHOORNin  MICROORGANISMS 

described  in  this  connection.  It  is  of  importance  to  workers  with  patho- 
genic bacteria,  because  of  the  frequency  with  which  it  is  found  as  a 
saprophyte  or  secondary  invader  in  chronic  suppurative  lesions. 

Afo77)Wogt/.— Straightrod,2  to  8  micra  long,0.7 micron  wide.  Spores 
formed  usually  slightly  nearer  one  pole  than  the  other.  Grows  in  long 
chains  and  only  in  such  chains  are  spores  found.  It  does  not  decolor- 
ize by  Gram's  method.    Is  actively  motile  in  young  cultures  in  vrbicb 


Fio.  125.— Bacillus  Subtius.    (Hay  Bacillus.) 

the  bacilli  are  single  or  in  pairs.  In  older  cultures  chains  are  formed 
and  the  bacilli  become  motionless.  Gelatin  is  liquefied.  On  gelatin 
and  agar  the  bacilli  grow  as  a  dry  corrugated  pellicle.  Microscopically, 
the  colonies  are  made  up  of  interfacing  threads,  being  irregularly  round 
with  fringed  edges.  There  is  a  tendency  to  confluence.  The  bacilluB 
ia  found  in  brackish  water,  infusions  of  vegetable  matter,  etc.,  and  is 
practically  non-pathogenic,  occurring  only  occasionally  as  a  saprophyte 
in  old  sinuses  and  infected  wounds. 
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It  is  a  matter  of  common  surgical  experience  that  many  suppurating 
wounds,  especially  sinuBes  of  long  standing,  discharge  pus  which  is  of  a 
bright  green  color.  The  fact  that  this  peculiar  type  of  purulent  inflam- 
mation is  due  to  a  specific  cbromogenic  microorganism  was  first  demon- 
strated by  Gessard  '  in  1882.  The  bacillus  which  was  described  by  Ges- 
sard  has  since  become  the  subject  of  much  careful  research  and  has  been 
shown  to  hold  a  not  unimportant  place  among  pathogenic  bacteria.' 

Hwphology  and  Staining. — Bacillus  pyocyaneus  is  a  short  rod,  usu- 
ally straight,  occasionally  slightly  curved,  measuring,  according  to 
Fliigge,  about  1  to  2  micra  in  length  by  about  0.3  of  a  micron  in  thickness. 
The  bacilli  ara  thus  small  and  slender,  but  arc  subject  to  considerable 
variation  from  the  measurements  given,  even  in  one  and  the  same  cul- 
ture. While  ordinarily  single,  the  bacilli  may  be  arranged  end  to  end  in 
short  chains  of  two  and  three.  Longer  chains  may  exceptionally  be 
formed  upon  media  which  are  especially  unfavorable  for  its  growth,  such 
as  very  acid  media  or  those  containing  antiseptics. 

Spores  are  not  found.  The  baciUi  are  actively  motile  and  possess 
each  a  stn^e  flagellum  placed  at  one  end. 

Bacillus  pyocyaneus  is  stained  easily  with  all  the  usual  dyes,  but  is 
decolorized  by  Gram's  method.  Irregular  staining  of  the  bacillary  body 
is  common,  but  is  always  an  indication  of  degeneration',  and  not  a 
normal  characteristic,  as,' for  instance,  in  the  diphtheria  group. 

OnltiTktion.— The  pyocyaneus  bacillus  is  aerobic  and  facultatively 
anaerobic.  It  caq.be  adapted  to  absolutely  anaerobic  environments,  but 
does  not  produce  its  characteristic  pigment  without  the  free  access  of 
oxygen.  The  bacillus  grows  readily  upon  the  usual  laboratory  media 
and  is  not  very  sensitive  to  reaction,  growing  equally  well  upon  moder- 
ately alkaline  or  acid  media.  Development  takes  place  at  temperatures 
as  low  as  18°  to  20°  C,  more  rapidly  and  luxuriantly  at  37.5°  C. 

>  Getmtrd,  Thise  de  Paris,  1SS2. 

'  Charrin,  "  La  maladie  pyocyanlque,"  Paris,  1889. 
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On  agar  slants,  growth  is  abundant  and  confluent,  the  surface  of  the 
agar  being  covered  by  a  moist,  grayish  or  yellowish,  glistening,  even  layer. 
The  pigment  which  begins  to  become  visible  after  about  eighteen  hours 
soon  penetrates  the  agar  itself  and  becomes  diffused  throughout  it, 
giving  the  medium  a  bright  green  Suorescent  appearance,  which  grows 
dark^  as  the  age  of  the  culture  increases. 

In  gelatin  stabs,  growth  takes  place  much  more  rapidly  upon  the 
surface  than  in  the  depths.  A  rapid  liquefaction  of  the  gelatin  takes 
place,  causing  a  saucer-shaped  depression.  As  this  deepens,  pigment 
begins  to  form  in  the  upper  layers,  often  visible  as  a  greenish  pellicle. 

In  gelatin  plates,  the  colonies  have  a  characteristic  appearance.  They 
are  round  and  are  composed  of  a  central  dense  zone,  and  a  peripheral, 
loosely  granular  zone,  which  extends  outward  into  the  peripheral  fluidi- 
fied area  in  a  fringe  of  fine  filaments.  When  firet  appearing,  they  are 
grayish  yellow,  later  assuming  the  characteristic  greenish  hue, 

In  brotk,  growth  is  rapid  and  chiefly  at  the  surface,  forming  a  thick 
pellicle.  Below  this,  there  is  moderate  clouding.  The  pigment  is  formed 
chiefly  at  the  top.  In  old  cultures  there  is  a  heavy  floccutent  precipitate. 
In  fluid  media  containing  albuminous  material,  strong  alkalinity  is* 
produced. 

On  polato,  growth  develops  readUy  and  a  deep  brownish  ptgmmt  »p- 
pears,  which  is  not  unlike  that  produced  by  B.  mallei  upon  the  same 
medium. 

Milk  is  coagulated  by  precipitation  of  casein  and  assumes  a  yetlowieh- 
green  hue.  Iiv  older  cultures  the  casein  may  again  be  digested  and  liquefied 

The  pigment  of  Bacillus  pyocyaneus  has  been  the  subject  of  much 
investigation.  It  was  shown  by  Charrin '  and  others  that  this  pigment 
had  no  relation  to  the  pathogenic  properties  of  the  bacillus.  It  is  found 
in  cultures  as  a  coloriess  leukobase  which  assumes  a  green  color  on  the 
addition  of  oxygen.  Conversely,  the  typical  green  "pyocyanin,"  aa 
the  pigment  is  cafled,  may  be  decolorized  by  reducing  substances.  This 
explains  the  fact  that  it  is  not  found  in  cultures  sealed  from  the  air.  Pyo- 
cyanin may  be  extracted  from  cultures  with  chloroform  and  crystallised 
out  of  such  solution  in  the  form  of  blue  stellate  crystals.  These,  on 
chemical  analysis,  have  been  found  to  belong  to  the  group  of  aromatic 
compounds,  with  a  formula,  according  to  Ledderhose,*  of  C„H,,NiO. 

Besides   pyocyanin,  Bacillus   pyocyaneus   produces   another    pig- 

>  Charrin,  loo.  oit. 
*£«EUCT-AoM,<iuotedfroinBoland,CeBt.f.  Bakt.zxv,  188B. 
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tnent  ^lich  ia  fluorescent  and  insoluble  in  chloroform,  but  soluble  in 
water.*  This  pigment  is  common  to  other  fluorescent  bacteria,  and  not 
peculiar  to  Bacillus  pyocyaneus.  The  reddish-brown  color  seen  in  old 
cultures '  and  supposed  by  some  writers  to  be  a  third  pigment,  is  probably 
a  derivative  from  pyocyanin  by  chemical  change. 

Chloroform  extraction  of  pyocyanin  from  cultures  may  serve  oc- 
casionally to  distinguish  the  pyocyaneus  bacilli  from  other  similar 
fluorescent  bacteria.  Ernst  has  claimed  that  there  are  two  types  of  B. 
pyocyaneus,  an  a-type  which  produces  only  the  fluorescent,  water- 
soluble  pigment,  and  a  ^-type  which  produces  both  this  and  pyocyanin.* 

Pathiog«iiicit7. — Bacillus  pyocyaneus  is  one  of  the  less  virulent  patho- 
genic bacteria.  It  is  widely  distributed  in  nature  and  may  be  found 
frequently  as  a  harmless  parasite  upon  the  skin  or  in  the  upper  r^pira- 
tory  tracts  of  animals  and  men.  It  has,  however,  occasionally  been 
found  in  connection  with  suppurative  lesions  of  various  parts  of 
the  body,  often  as  a  mere  secondary  invader  in  th^  wake  of  another 
incttant,  or  even  as  the  primary  cause  of  the  inflammation.  In  most 
cases  where  true  pyocyaneus  infection  has  taken  place,  the  subject  is 
'  usually  one  whose  general  condition  and  resistance  are  abnormally  low.* 
Thus  pyocyaneus  may  be  the  cause  of  chronic  otitis  media  in  ill-nour- 
ished children.  It  has  been  cultivated  out  of  the  stools  of  children  suf- 
fering from  diarrhea,  and  has  been  found  at  autopsy  generally  distributed 
throughout  the  organs  of  children  dead  of  gastro-enteritis.*  It  has  been 
cultivated  from  the  spleen  at  autopsy  from  a  case  of  general  sepsis 
following  mastoid  operation.  The  bacillus  has  been  found,  further- 
more, during  life  in  pericardial  exudate  and  in  pus  from  liver  abscesses.' 

Brill  and  Libman,'  as  well  as  Finkelstein,*  have  cultivated 
B.  pyocyaneus  from  the  blood  of  patients  suffering  from  general  sepsis. 
Waaaermann  •  showed  the  bacillus  to  have  been  the  etiological  factor  in 
an  epidemic  of  umbilical  infections  in  new-bom  children.  Similar  exam- 
ples of  B.  pyocyaneus  infection  in  human  beings  might  be  enumerated  in 
large  numbers,  and  there  is  no  good  reason  to  doubt  that,  under  given 

'Boland,  loc.  cit. 

*<kfard,  Ann.  de  llnst.  Pasteur,  1890, 1891,  and  1892. 

•Errut,  Zeit.  t.  Hyg.,  ii,  1887. 

•  Rohmr,  Cent.  f.  Bakt.,  xi,  1892. 

»  Newnann,  Jahrb.  f.  Kinderheilk.,  1890. 
*Kniun}iaU,  Zeit.  f.  Chir.,  xxxvii,  1893. 
T  BrOl  and  LSmian,  Amer.  Jour.  Hed.  Sd.,  ISUt. 

•  Fmkiiltm,  Cent.  f.  Bakt.,  1899. 

•  Wa—trmatM,  Vircbow's  Arch.,  clxr,  I90L 


Digitized  by  Google 


580  PATHOOKNrc  MICROORGANISMS 

conditions,  fatal  Infections  may  occur.  Such  cases,  however,  are  still  to 
be  regarded  as  depending  more  upon  the  low  resistance  of  the  individual 
attacked  than  upon  the  great  pathogenicity  of  B.  pyocyaneus. 

Many  domestic  animals  are  susceptible  to  experimental  pyocyaneus 
infection,  chief  among  these  being  rabbits,  goats,  mice,  and  guinea- 
pigs.  Guinea-pigs  are  killed  by  this  bacillus  with  especial  ease.  Intra- 
peritoneal inoculation  with  a  loopful  of  a  culture  of  average  virulence 
usually  leads  to  the  death  of  a  young  guinea-pig  within  three  or  four  days. 

Toxins  and  Intmtmisation. — Emmerich  and  Ldw  have  shown  that 
filtrates  of  old  broth  cultures  of  B.  pyocyaneus  contain  a  ferment-like 
substance  which  possesses  the  power  to  destroy  some  other  bacteria, 
apparently  by  lysis.  They  have  called  this  substance  "  pyocyanase  "  and 
claim  that,  with  it,  they  have  succeeded  in  protecting  animals  from 
anthrax  infection.  During  recent  years  pyocyanase  has  been  employed 
locally  for  the  remoiyal  of  diphtheria  bacilli  from  the  throats  of  convales- 
cent cases.  Broth-culture  filtrates  evaporated  to  one-tenth  their  volume 
in  vacuo  are  used  for  this  purpose. 

Pyocyanase  is- exceedingly  thermostable,  resisting  boiling  for  several 
hours,  and  is  probably  not  identical  with  any  of  the  other  toxins  or 
peptonizing  ferments  produced  by  B.  pyocyaneus. 

The  toxins  proper  of  B.  pyocyaneus  have  been  the  subject  of  much 
investigation,  chiefly  by  Waasermann.'  Waseermann  found  that  filtrates 
of  old  cultures  were  far  more  poLsonous  for  guinea-pigs  than  extracts 
made  of  dead  bacteria.  He  concludes  from  this  and  other  observations 
that  B.  pyocyaneus  produces  both  an  endotoxin  and  a  soluble  secreted 
toxin.  The  toxin  is  comparatively  thermostable,  resisting  100°  C.  for  a 
short  time.  Animals  actively  immunized  with  living  cultures  of  B.  pyo- 
cyaneus give  rise  in  their  blood  scrum  to  bacteriolytic  antibodies  only. 
Immunized  with  filtrates  from  old  cultures,  on  the  other  hand,  their 
serum  will  contain  both  bacteriolytic  and  antitoxic  substances.  The 
true  toxin  of  B.  pyocyaneus  never  approaches  in  strength  that  of  diph- 
theria or  of  tetanus.  Active  immunization  of  animals  must  be  done 
carefully  if  it  is  desired  to  produce  an  immune  serum,  since  repeated 
injections  cause  great  emaciation  and  general  loss  of  strength.  Specific 
agglutinin.s  have  been  found  in  immune  sera  by  Wassermann*  and 
otheis.  Eisenberg  *  claims  that  such  agglutinins  are  active  also  against 
some  of  the  fluorescent  intestinal  bacteria. 


'  Wattsmumn,  Zeit.  f.  Hyg.,  lorii,  1896.     '  Watnermann,  Zeit.  f.  Hyg,,  1902. 
*  Eisenberg.  Cent.  f.  Bakt.,  1903. 
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Bulloch  uid  Hunter 'have  recently  been  able  to  show  that  old 
broth  cultures  of  B.  pyocyaneus  contain  a  substance  capable  of 
hemolyzing  the  red  blood  corpuscles  of  dogs,  rabbits,  and  sheep. 
This  "  pyocyanolysin "  seems  intimately  attached  to  the  bacterial 
body.  Prolonged  heating  of  cultures  does  not  destroy  it.  Heating  of 
hemolytic  filtrates,  however,  destroys  it  in  a  short  time.  The  filtration 
of  young  cultures  yields  very  little  pyocyanolysin  in  the  fiJtrate.  In 
old  cultures,  however,  a  considerable  amount  passes  into  the  filtrate. 
Whether  or  not  the  hemolytic  power  is  due  to  a  specific  bacterial 
product  or  ia  dependent  upon  changes  in  the  'culture  fluid,  such  as 
atkalinization,  etc.,  can  not  yet  be  regarded  as  certain. 

Gheorghiewski  *  claims  to  have  found  a  leucocyte-destroying  ferment 
in  pyocyaneus  cXiltures. 

■  BuliatA  und  Hunter,  Cent.  f.  Bakt.,  xxviii,  1900. 
'QheorghMwtki,  Ann.  de  I'inst  pHteur,  xiii,  1899. 
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CHAPTER  XLII 

ASUTIC  CHOLERA  AND  THE  CHOLERA  ORGANISII 
(Spirillvm  cholera  asiatwx,  Comma  Baciiltts) 

The  organism  of  Aaiatic  cholera  was  unknown  until  1883.  In  this 
year,  Koch/  at  the  head  of  a  commiBsion  established  by  the  German 
government  to  study  the  disease  in  Egypt  and  India,  discovered  the 
"comma  bacillus"  in  the  defecations  of  patients,  and  satisfactorily  de- 
termined its  etiological  significance. 

Koch's  investigations  were  carried  out  on  a  large  number  of  cases 
and  many  investigations  have  since  then  corroborated  his  results. 
The  numerous  morphologically  similar  spirilla  which  were  later  found 
in  normal  individuals  and  in  connection  with  other  conditions,  have 
been  shown  by  accurate  bacteriological  methods  to  be  closely  related, 
but  not  identical. 

Apart  from  the  evidence  of  the  constant  association  of  the  cholera 
vibrio  with  the  disease,  the  etiological  relationship  has  been  cleariy 
demonstrated  by  several  accurately  recorded  accidental  infections  oc- 
curring in  bacteriological  workers,  and  by  the  famous  exfteriment  of 
Pettenkofer  and  Emmerich,  who  purposely  drank  water  containing 
cholera  bacilli.  Both  observers  became  seriously  ill  with  typical  clini- 
cal symptoms  of  cholera,  and  one  of  them  narrowly  escaped  death. 

Motphologjr  and  Staininf. — ^Thc  vibrio  or  spirillum  of  cholera  is  a  small 
curved  rod,  varying  from  one  to  two  micra  in  length.  The  degree  of 
curvature  may  vary  from  the  shghtly  bent,  comma-hke  form  to  a 
more  or  less  distinct  spiral  with  one  or  two  turns.  The  spirals  do  not 
lie  in  the  same  plane,  being  arranged  in  corkscrew  fashion  in  three 
dimensions.  The  spirillum  is  actively  motile  and  owes  its  motility 
to  a  single  polar  flagellum,  best  demonstrated  by  Van  Ennengem's 
flagella  stain.  Spores  are  not  found.  In  young  cultures  the  comma 
shapes  predominate,  in  older  growths  the  longer  forms  are  more  du- 
.  Strains  which  have  been  cultivated  artificially  for  prolonged 

>  Koch,  Deut.  med.  Woch..  18S3  aod  ISSi. 
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periods  without  passage  through  the  animal  body  have  a  tendency  to 
lose  the  curve,  assuming  a  more  bacUlus-like  appearance.  The  spirilla 
are  stained  with  all  the  usual  aqueous  anilin  dyes.  They  are  decolor- 
ized by  Gram's  method.  In  histological  section  they  are  less  easily 
Btained,  but  may  be  demonstrated  by  staining  with  alkaline  methylene 
blue. 

Ooltivatios. — The  cholera  spirillum  grows  easily  upon  all  the  usual 
culture  media,  thriving  upon  meat-extract  as  well  as  upon  meat-infusion 


Pm,  128,— Cbolbra  Spibillum.    (After  Frttnke!  and  Pfuffer.) 

media.  Moderate  alkalinity-  of  the  media  b  preferable,  though  sli^t 
acidity  does  not  prevent  growth. 

In  gelatin  plates  growth  appears  at  room  temperature  within  twenty- 
four  hours  as  small,  strongly  refracting  yellowiah-^ray,  pin-head  colonies. 
As  growth  increases  the  gelatin  is  fluidified.  Under  magnification  these 
colonies  appear  coarsely  granular  with  mai^ns  irregular  bucauae  "f 
the  liquefaction.  Liquefaction,  too,  causes  a  rapid  development  in 
such  colonies  of  separate  concentric  zones  of  varying  refractive  power. 
Old  strains,  artificially  cultivated  for  long  periods,  iose  much  of  their 
liquefying  power. 

Id  gelatin  stab  cultures  fluidiRcation  begins  at  the  surface,  rapidly 
giving  rise  to  the  familiar  funnel-shaped  excavation. 

Upon  agar  plates,  within  eighteen  to  twenty-four  hours,  grayish, 
opalescent  colonies  appear,  which  are  easily  differentiated  by  their 
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transpareDcy  from  the  other  bacteria  apt  to  appear  in  feces,    ^u 
plates,  therefore,  are  important  in  the  isolation  of  these  oi^aniams. 

Coagulated  blood  serum  is  fluidified  by  the  cholera  vibrio.  On 
potato,  growth  is  profuse  and  appears  as  a  brownish  coarse  layer.  In 
milk,  growth  is  rapid  and  without  coagulation.  In  broth,  general 
clouding  and  the  formation  of  a  pellicle  result.  The  rapidity  and  liuuri- 
ance  of  growth  of  the  cholera  spirillum  upon  alkalijK  ■pepUm  solytioia 
reader  such  solutions  peculiarly  useful  as  enriching  media  in  isolating 
this  microorganism  from  the  stools  of  patients.  In  pepton  solution, 
too,  the  cholera  spirillum  gives  rise  to  abundant  indol,  demonstrated 
in  the  so-called  "cholera-red"  reaction.  This  reaction  has  a  distinct 
diagnostic  value,  but  is  by  no  means  specific'  In  the  case  of  the  cbolen 
vibrio  the  mere  addition  of  strong  sulphuric  acid  suffices  to  bring  out 
the  color  reaction.  This  is  due  to  the  fact  that,  unUke  some  other  indcd- 
producing  bacteria,  the  cholera  organism  is  able  to  reduce  the  nitrates 
present  in  the  medium  to  nitrites,  thus  itself  fuiiiishing  the  nibite 
necessary  for  the  color  reaction.  The  mediimi  which  is  most  suitable 
for  this  test  is  that  proposed  by  Dunham,*  consisting  of  a  soluUoo 
of  1  per  cent  of  pure  pepton  and  .5  per  cent  NaCI  in  water. 

DieudonnS*  has  recommended  a  selective  medium  upon  whtA 
cholera  spirilla  will  grow  well,  but  upon  which  the  colon  bacillus  will 
grow  either  very  sparsely  or  not  at  all.  Its  preparation  is  very  ^mple. 
To  70  parts  of  ordinary  3  per  cent  agar,  neutralised  to  litmus,  there  are 
added  30  parts  of  a  sterile  mixture  of  defibrinated  beef  blood  and  normal 
sodium  hydrate. 

The  latter  is  sterilized  by  steam  before  being  added  to  the  agar. 
This  pure  alkali  agar  is  poured  out  in  plates  and  allowed  to  dry  several 
days  at  37°  or  5  minutes  at  60°.  The  material  to  be  examined  is  si 
upon  the  surface  of  these  plates  with  a  glass  rod. 

The  principle  of  this  medium  is  that  cholera  will  grow  in  the  p 
of  an  amount  of  alkali  which  inhibits  other  fecal  bacteria.  The  medium 
has  been  studied  by  Krumwiede,  Pratt,  and  Grund,*  who  have  recMn- 
mended  a  modification.  They  find  the  following  combination  sat- 
isfactory and  an  improvement  upon  Dieudonn^'s  medium  because 
transparent  and  more  easily  prepared.  They  prepare  the  followii^ 
mixtures : 


'  See  indol  reaction,  p.  167.  '  Dunham,  Zeit.  f.  Hyg.;  ii,  1889. 

'Dieudonni,  A.,  O^nt-Bakl.,  1.,  orig.,  1909. 
'Krumwiede,  Pratt,  and  Grund,  Jour,  of  Inf.  DiB.,  jc,  1912. 
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Egg-WkiU  Medium. 

A.  White  of  egg  and  water  a.a. 
Sodium  carbonate  cryst.  12  per  cent. 

Mix  in  equal  partB,  eteam  la  Arnold  Bteriliier  for  20  minuttiB. 

B.  Meat  peptcm  3  per  cent  agar,  neutral  to  litjnus. 

30  parte  of  A  are  added  to  70  parts  o!  B. 

Another  modificatioD  recommended  by  them  is  as  follows: 
WhoU-Egg  Medium. 

A.  Whole  egg  and  wsta"  a.a. 

Sodium  carbonate  12  to  13.5  per  cent. 

Mix  in  equal  parte,  steam  for  20  minutes. 

B.  Meat  free  agar,  viz.,  pepton,  salt,  and  3  per  cent  agar. 

,    30  parts  of  A  are  mixed  with  70  ports  of  B  while  the  agar  is  boiling  hot  as 

The  medium  is  poured  on  the  plates  in  a  thick  layer  aod  allowed 
to  stand  open  for  20  to  30  minutes  and  then  the  inoculation  is  carried 
out  by  surface  streaking. 

Isolation. — Isolation  of  the  cholera  vibrio  from  the  feces,  while 
easy  in  many  cases,  is  occasionally  attended  with  some  difficulty 
owing  to  the  large  number  of  other  bacteria  present.  The  most 
satisfactory  method  of  procedure  is  to  inoculate  a  set  of  gelatin 
plates,  another  of  agar  plates,  and  a  number  of  Dunham's  pepton- 
broth  tubes,  with  small  quantities  of  the  suspicious  materiaL  When 
the  spirilla  are  numerous  they  can  frequently  be  fished  directly  from  sus- 
picious colonies  in  the  plates  and  isolated  for  further  identification. 
When  less  numerous,  they  can  usually  be  found  in  relatively  increased 
numbers  after  eight  or  ten  hours  at  37.5°  C,  in  the  topmost  layers  of 
the  Dunham  broth,  which  is  an  ahnost  selectively  favorable  medium  for 
these  organisms.  They  collect  at  the  surface  where  free  oxygen  is 
readily  obtained.  From  the  pepton  broth,  plate  dilutions  can  then  be 
prepared  and  colonies  fished.'  Once  isolated,  the  spirilla  are  identified 
by  their  morphology,  by  the  appearance  of  their  colonies,  by  their 
manner  of  growth  upon  gelatin  stabs,  by  the  cholera-red  reaction, 
and,  finally,  by  t^glutinative  and  bacteriolytic  tests  in  immune  sera. 
Owing  to  the  existence  of  other  spirilla  morphologically  and  cultu- 
rally similar,  the  serum  reactions  are  the  only  absolutely  positive  dif- 
ferentia! criteria. 


'  AM  und  ClamBcn,  Cent.  f.  Bakt.,  xvii,  1895. 
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For  isolation  of  the  bacteria  from  water,  it  la,  <A  cotitse,  neceae^ 
to  use  comparatively  large  quantities.  FlQgge  '  and  Bitter  advise  the 
distribution  of  about  a  liter  Of  water  in  ten  or  twelve  Eriemneyer  flasks. 
To  each  of  these  they  add  10  c.c.  of  sterile  pepton-s&lt  solution  (pepton 
ten  per  cent,  NaCI  five  per  cent).  After  eighteen  hours  at  37,5°  C.  the 
surface  growths  in  these  flasks  are  examined  both  microscopically  and 
culturally  as  before. 

Biologloal  Conilderations. — ^The  cholera  spirillum  is  aerobic  and 
facultatively  anaerobic.  It  does  not  form  spores.  The  optimum  tem- 
perature for  its  growth  is  about  37.5°  C.  It  grows  easily,  however,  at » 
tonperature  of  22°  C.  and  does  not  cease  to  grow  at  temperature  as 
high  as  40°.  Frozen  in  ice,  these  bacteria  may  live  for  about  three 
or  four  days.    Boiling  destroys  them  immediately.    A  temperature  of 


Fia.  127.  Fn.  1S8. 

Fia.  127. — Cholera  Spirillum.  Stab  Culture  in  GelatiD,  three  dajs  old. 

Fio.  128. — Cholera  Spirillom.  Stnb  Culture  in  Gelatin,  six  days  old.  {Alta 
Fr&nkel  and  PfeifTer.) 

60°  C.  kills  them  in  an  hour.  In  impure  water,  in  moist  liuea,  and  in 
food  stuffs,  they  may  live  for  many  days.  Associated  with  sa^oo- 
phytes  in  feces  and  other  putrefying  material,  and  wherever  active 
acid  formation  is  taking  place,  they  are  destroyed  within  several  days. 
Complete  drying  kills  them  in  a  short  time.  The  common  disin- 
fectants destroy  them  in  weak  solutions  and  after  short  expoeures 
(carbolic  acid,  five-tenths  per  cent  in  one-half  hour;  bichlorid  of 
mercury,  1  :  100,000  in  ten  minutes;  mineral  acids,  1 ;  5,000  or  10,000 
in  a  few  minutes).* 

Pathoffenicity.^ — Cholera  is  essentially  a  disease  of  man.  Endonic  in 
India  and  other  Eastern  countries,  it  has  from  time  to  time  epidemically 
invaded  large  territories  of  Europe  and  Asia,  not  infrequently  nanHining 

'  Flugge,  Zeit.  f.  Hyu.,  xiv.  1893. 
*  Fonier,  Hyg.  Rundachau,  1893, 
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pandemic  proportions  and  sweeping  over  almost  the  entire  earth.*  Five 
separate  cholera  epidemics  of  appalling  magnitude  occurred  during 
the  nineteenth  century  alone;  several  of  these,  spreading  from  India  to 
Asda  Minor,  £^ypt,  Russia,  and  the  countries  of  Central  Europe,  reached 
even  to  North  and  South  America.  The  last  great  epidemic  began  about 
1S83,  traveled  gradually  westward,  and  in  1892  reached  Germany  where 
it  appeared  with  especial  virulence  in  Hamburg,  and  thence,  fol- 
lowing the  highways  of  ocean  commerce,  entered  America  and  Africa. 
During  this  epidemic  in  Russia  alone  800,000  people  fell  victims  to  the 


In  man  the  disease  is  contracted  by  ingestion  of  cholera  organisms 
with  water,  food,  or  any  contaminated  material.  The  disease  is  essen- 
tially an  intestinal  one.  The  bacteria,  very  sensitive  to  an  acid  reaction, 
may  often,  if  in  small  numbers,  be  checked  by  the  Tiormal  gastric  secre- 
tions. Having  once  passed  into  the  intestine,  however,  they  proliferate 
rapidly,  often  completely  outgrowing  the  normal  intestinal  flora.  Fatal 
cases,  at  autopsy,  show  extreme  congestion  of  the  intestinal  walls. 
Occa^onally  ecchymosis  and  localized  necrosis  of  the  mucosa  may  be 
present  and  swelling  of  the  solitary  lymph-foIIicles  and  Peyer's 
patches.  Microscopically  the  cholera  spirilla  may  be  seen  to  have 
penetrated  the  mucosa  and  to  lie  within  its  deepest  layers  close 
to  the  submucosa.  The  most  marked  changes  usually  take  place 
in  the  lower  half  of  the  small  intestine.  The  intestines  are  filled 
with  the  characteristically  fluid,  slightly  bloody,  or  "rice-water" 
stools,  from  which  often  pure  cultures  of  the  cholera  vibrio  can 
be  grown.  The  microorganisms  can  be  cultivated  only  from  the 
intestines  and  their  contents,  and  the  parenchymatous  degenera- 
tions taldiig  place  in  other  organs  must  be  interpreted  as  beii^ 
purely  of  toxic  origin. 
.  In  animals,  cholera  never  appears  as  a  spontaneous  disease.  Nikati 
and  Rietfich  *  have  succeeded  in  producing  a  fatal  disease  in  guinea-pigs 
by  opening  the  peritoneimi  and  injecting  cholera  spirilla  directly  into 
the  duodenum.  Koch '  succeeded  in  producing  a  fatal  cholera-tike 
disease  in  animals  by  introducii^  infected  water  into  the  stomach 
through  a  catheter  after  neutralization  of  the  gastric  juice  with  sodium 
carbonate.  At  the  same  time,  he  administered  opium  to  prevent  active 
peristalsis.     A  method  of  infection  more  closely  analogous  to  the  infec- 

'Hirtch,  "Handb.  d.  hietor.-geogr.  Path.,"  1881. 
^NiJuUi  and  Riettek,  Deut.  oted.  Wocb.,  1884. 
»  Kodt,  Deut.  med.  Wooh.,  1885. 
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tion  in  man  was  followed  by  Metchnikofr,'  who  successfully  produced 
fatal  disease  in  young  suckling  rabbits  by  contaminating  the  maternal 
teat. 

Subcutaneous  inoculation  of  moderate  quantities  of  cholera  spirilla 
into  rabbits  and  guinea-pigs  rarely  produces  more  than  a  temporary 
illness.  Intraperitoneal  inoculation,  if  in  proper  quantities,  generally 
leads  to  death.  It  will  be  remembered  that  when  working  with  intra- 
peritoneal cholera  inoculations  the  phenomenon  of  bacteriolysis  was 
discovered  by  Pfeiffer,' 

Different  strains  of  cholera  spirilla  vary  greatly  in  their  virulence. 
The  virulence  of  most  of  them,  however,  can  be  enhanced  by  repeated 
passages  through  animals.  Most  of  our  domestic  animals  enjoy  consid- 
erable resistance  against  cholera  infection,  thoi^h  under  experimental 
conditions  successfql  inoculations  upon  dogs,  cats,  and  mice  have  been 
reported.     Doves  are  entu-ely  insusceptible.* 

^Ci«liic  Consldentiona. — The  cholera  spirillum  leaves  the  body  of 
the  infected  subject  with  the  defecations  only.  Infection  takes  place, 
so  far  as  we  know,  only  by  way  of  the  mouth.  From  these  two  facts  it 
follows  that  the  chief  source  of  danger  for  a  community  lies  in  infectioQ 
of  its  water  supply.  As  a  matter  of  fact  the  bacteria  have  been  fre- 
quently found  in  the  wells,  lakes,  rivers,  and  harbors  of  afflicted  terri- 
tories, and  in  several  cases  it  has  been  possible  to  define  the  limits  of 
an  epidemic  almost  precisely  by  the  distribution  of  the  contaminated 
water  supply.  A  classic  example  of  this  is  that  of  the  Hambui^  epi- 
demic, during  which  Altona,  a  town  as  close-to  Hamburg  as  Brooklyn 
is  to  New  York,  with  unrestricted  interurban  traffic  but  with  separate 
water  supply,  was  almost  sparc<l,  while  Hamburg  itself  was  undei^ing 
one  of  the  most  virulent  epidemics  of  its  history.  It  has  been  statistically 
noted,  moreover,  chiefly  by  Koch,  that  cholera  in  its  spread  not  infre- 
quently follows  the  water  courses.  Apart  from  infection  through  the 
water  supply,  cholera  may  be  transmitted  directly  or  indirectly  by  con- 
tact with  contaminated  linen,  bedclothes,  etc.,  the  organism  being  con- 
veyed to  the  mouth  by  the  fingers,  or  by  infected  food.  Epidemics  due 
to  this  mode  of  infection  alone,  however,  are  apt  to  be  more  narrowly 
localized  and  more  sporadic  in  their  manifestations.  It  is  probable  that 
this  mode  of  infection  is  of  great  importance  in  countries  where  the  disease 

>  MeUhnikoff,  Ann.  d.  I'inst,  Pasteur,  1894  and  1896. 

"  rjeiSer,  \ac..  cit. 

•  Fieifftr  und  Nochi,  Zeit.  f.  Hyg.,  vii,  1889. 
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is  eDdemlc,  but  its  significance  in  producing  epidemics  is  limited  owing  to 
the  fortunately  low  resistance  of  the  spirillum  to  desiccation.  The 
sudden  appearance  of  cholera  in  a  place  far  distant  from  the  seat  of  a 
prevalent  epidemic  may  be  explained  by  the  occasional  presence  of 
cholera  spirilla  in  the  dejecta  of  convalescents  as  late  as  two  or  three 
weeks  after  apparent  recovery  from  the  disease  and  consequent  release 
from  quarantine. 

Cholera  Toxin. — iThe  absence  of  the  cholera  spirilla  from  the  in- 
fernal organs  of  fatal  cases,  in  spite  of  the  severe  general  symptoms 
of  the  disease,  points  distinctly  to  the  existence  of  a  strong  [>oison  pro- 
duced in  the  intestine  by  the  microoi^anisms  and  absorbed  by  the 
patient.  It  was  in  this  sense,  indeed,  tliat  Koch  first  interpreted  the 
clinical  picture  of  cholera.  Numerous  investigations  into  the  nature  of 
these  toxins  have  been  made,  the  earlier  ones  defective  in  that  definite 
identification  of  the  cultures  used  for  experimentation  were  -not  carried 
out. 

Pfeiffer,'  in  1892,  was  able  to  show  that  filtrates  of  young  bouillon 
cultures  of  cholera  spirilla  were  but  slightly  toxic,  whereas  the  dead 
bodies  of  carefully  killed  ^ar  cultures  were  fatal  to  guinea-pigs  even  in 
small  quantities.  In  consequence,  he  r^arded  the  cholera  poison  as 
consisting  chiefly  of  an  endotoxin. °  The  opinion  as  to  the  endotoxic 
nature  of  the  cholera  poison  is  not,  however,  shared  by  all  workers. 
Metchnikoff,  Roux,  and  Salimbeni,'  in  1896,  succeeded  in  producing 
death  in  guinea-pigs  by  introduction  into  their  peritoneal  cavities  of 
cholera  cultures  enclosed  in  celloidln  sacs.  Brau  and  Denier,*  and, 
more  recently,  Kraus,'  claim  that  they  have  succeeded  not  only  in 
demonstratii^  a  soluble  toxin  in  alkaline  broth  cultures  of  cholera 
spirilla,  but  in  producing  true  antitoxins  by  immunization  with  such 
cultures.  It  appears,  therefore,  that  the  poisonous  action  of  the  cholera 
organisms  may  depend  both  upon  the  formation  of  true  secretory  toxins 
and  upon  endotoxins.  Which  of  these  is  parunount  in  the  produc- 
tion of  the  disease  can  not  be  at  present  definitely  stated.  In  favor 
of  the  great  importance  of  the  endotoxic  elements  is  the  failure, 
thus  far,  to  obtain  successful  therapeutic  results  with  supposedly 
antitoxic  sera. 

1  FfHfer.  Zeit.  f.  Hyg-,  ri,  1892. 

'  Pfeiffer  und  Waaaemumn,  Zeit.  f.  Hyg.,  xiv,  1883. 

'  MetdmikoS,  Roui,  et  Salimbmi.  Ann,  de  rinst.  Pasteur,  1806. 

•  Brau  et  Denier,  Comptfis  rend,  de  I'acad.  dea  Bci.,  1906. 

•  R.  Kraw.  Cent.  f.  Bakt.,  1906. 
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Cbolan  Xmiuuiiisation. — One  attack  of  cholera  confers  protection 
against  Bubsequent  infection.  Active  immunization  of  ftnimftln  may 
be  accomplished  by  inoculation  of  dead  cultures,  or  of  small  doees  <^ 
living  bacteria.  In  the  serum  of  immunized  an i mala  specific  bactcno- 
lytic  and  a^lutinating  substances  are  found.  The  discovery  of  bacte- 
riolytic immune  bodies,  in  fact,  was  made  by  means  of  cholera  spirilla. 
Both  the  bacterioly^ns  and  the  agglutinins,  because  of  their  q>ecificity, 
are  of  great  importance  in  making  a  bacteriological  diagnoeia  of  true 
cholera  organisms. 

Protective  inoculation  of  man  has  been  variously  attempted  by 
Ferran  '  and  others.  Experiments  on  a  lai^e  scale  were  done,  more  re- 
cently, by  HafTkine,'  who  succeeded  in  producing  an  apparently  dis- 
tinct prophylactic  immunization  by  the  subcutaneous  inoculation  of 
dead  cholera  cultures.  Similar  immunization  with  bacterial  filtrates 
has  been  attnempted  by  Bertarelli.*  Strong  recommends  iinmunizalion 
with  filtrates  from  autolyzed  cultures. 

CHOLIRA-LZIEE  8PIBELLA 

The  biological  group  of  the  vibriones,  to  which  the  cholera  spirillum 
belongs,  is  a  lai^  one,  numbering  probably  over  a  hundred  separate 
species.  Most  of  these  are  of  bacteriological  importance  chiefly  because 
of  the  difficulties  which  they  add  to  the  task  of  differentiation,  for  viak 
some  of  them  simply  bear  a  morphological  resonblance  to  the  true 
cholera  vibno,  others  can  be  distinguished  only  by  their  serum  reac- 
tions and  pathogenicity  for  various  animals.  Additional  difficulty, 
too,  is  contributed  by  the  fact  that  within  the  group  of  true  cholera 
organisms  occasional  variations  in  a^lutinability  and  bacteriolytic 
reactions  may  exist.  Certain  strains,  too,  the  six  El  Tor  cultures 
isolated  by  Gottachlich,  while  in  every  respect  similar  to  true  cholcn 
spirilla,  are  considered  as  a  separate  sub-species  by  Kraus,*  because  of 
their  ability  to  produce  hemolytic  substances,  a  function  lacking  in 
other  cholera  strains. 

Spiiillum  Hfltchnikovl. — ^This  spirillum  was  discovered  by  Gamaloa* 
in  the  feces  and  blood  of  domestic  fowl,  in  which  it  had  caused  an  in- 
testinal disease.    Morphologically  and  in  staining  reactions  it  is  idoitical 

'  Ferran,  Comptes  rend,  da  I'acad.  dcs  sciences,  1885. 

•  Haffkine,  BuU.  mid.,  1892.  '  BerlareUi,  Deut.  med.  Woch.,  33,  1904. 

*  Kmus,  KrauB  and  Levaditi,  "Handbuch,"  vol.  i,  p,  186. 
^Ganudeia,  Ann,  de  I'inst.  Pasteur,  1883. 
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with  Spirillum  cbolerfe  asiaticffi.  It  poesesses  a  mig^e  polar  flagellum, 
and  is  actively  motile.  Culturally  it  is  identical  with  Vibrio  cholerte 
except  for  slightly  more  luxuriant  growth  and  more  rapid  fluidificatioa 
of  gelatin.     It  gives  the  cholera-red  reaction  in  pepton  media. 

It  is  difterentiated  from  the  cholera  vibrio  by  its  power  to  produce 
a  rapidly  fatal  septicemia  in  pigeons  after  subcutaneous  inoculation  of 
minute  quantities.'  It  is  much  more  pathogenic  for  guinea-pigs  than 
the  cholera  vibrio.  It  b  not  subject  to  lysis  or  agglutinated  by  cholera 
immune  sera. 

SpiriUiun  BIsuaiu. — This  oi^^anism  was  isolated  at  Massaua  by 
Pasquate  *  in  1891  from  the  feces  of  a  clinically  doubtful  case  (A  cholera. 
Culturally  and  morphologically  it  is  much  Uke  the  true  cholera  vibrio, 
but  in  pathc^nicity  is  closer  to  Spirillum  Metctmikovi,  in  that  small 
quantities  produce  septicemia  in  birds.  It  possesses  four  flagella. 
It  does  not  give  a  specific  serum  reaction  with  cholera-  immune 
SMiim. 

Spirilhmi  of  nnklCT-Prior.* — Isolated  by  Finkler  and  Prior  from  the 
feces  of  a  case  of  cholera  nostras.  Morphologically  it  is  like  the  true 
cholera  spirillum,  though  sightly  larger  and  less  uniformly  curved. 
Culturally  it  is  much  like  the  cholera  vibrio,  but  grows  more  rapidly 
and  thickly  upon  the  usual  media.  It  does  not  give  the  cholera-red 
reaction,  nor  does  it  give  specific  serum  reactions  with  cholera  im- 
mune serum. 

gpiiUlum  Danvke.* — ^A  vibrio  isolated  by  Deneke  from  butter.  Much 
like  that  of  Finkler-Prior.    It  does  not  give  the  cholera-red  reaction. 

'  Pfeifftr  uod  NodU,  Zeit.  r.  Hyg.,  vii,  1889. 

•  PtuquaU,  Giom.  med.  de  r.  eaerc.  ed.  R.  Marina,  Roma,  1891. 

•  AnJbler  und  Prior,  Et^nx.  Helte,  Cent.  f.  oUg.  gea.  Phys.,  1884. 

•  Dentke,  Deut.  med.  Woch,,  iii,  1885. 
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CHAPTER  XUII 
DISEASES   CAUSED   BY   SPIROCH,«TE8  (TREPONEMATA) 

The  microorganisms  known  as  spirochictes  are  slender,  undulating 
corkscrew-like  threads  which  show  definite  variations  both  structurally 
and  culturally  from  the  bacteria  as  a  class.  Most  important  among 
them  are  the  spirochsete  of  relapsing  fever,  Spirochste  pallida  o[ 
syphilis,  the  spirlltum  of  Vincent,  Spiroctuete  refringena,  Spirillum 
gfdlinarum,  a  microorganism  which  causes  disease  in  chickens, 
Spirochete  anserina,  which  causes  a  similar  condition  in  geeae,'aii(l 
several  species  which  have  been  found  as  parasites,  both  in  aoimab 
and  in  man,  without  having  definite  etiological  coauectioa  with  disease. 

The  classification  of  these  various  species  in  one  group  is  rather  iPiir 
a  matter  of  ccnvenience  than  one  of  scientific  accuracy,  since  our  knuvi- 
edge  of  them  is  not  far  advanced,  and  our  inability  to  cultivate  almost 
all  of  them  has  not  permitted  their  detailed  biological  study.  Fomieriy 
many  of  these  organisms  were  regarded  as  bacteria  belonging  to  the  gen- 
eral group  of  the  spirilla.  Recently  Schaudinn,*  the  discoverer  of  the 
syphilis  8pirochEete,has  claimed,  upon  the  basis  of  a  careful  morphological 
study,  that  many  of  these  forms  arc  actually  protozoa.  He  based  this 
claim  upon  the  observation  that  stained  preparations  often  showe<l  undu- 
lating membranes  extending  along  the  long  axis  of  the  microoi^;anisms 
and  that  definite  nuclear  structures  were  demonstrable.  This  observer 
also  claimed  that  many  of  the  spiral  forms  reproduce  by  cleavage  along 
the  longitudinal  axis.  Other  observers  have  not  agreed  with  this  view, 
Laveran,'  Novy  and  Knapp,*  and  others  asserting  that  their  own  obser- 
vations indicate  a  close  relationship  of  these  microorganisms  to  the  true 
bacteiia.  Whatever  the  final  conclusion  may  be,  the  question  is  more 
jr  less  an  academic  one,  in  that  our  ideas  aa  to  the  exact  line  of  division 
between  the  unicellular  animals  and  the  unicellular  plants  is  not  by  any 
means  founded  upon  a  sound  basis.     In  common  with  the  bacteria,  most 

■  Schaudinn,  Arb.  a.  d.  kais.  Gesundheltsamt,  1904. 
'Ziaiwran,  Coinptesrend.de  I'acad.dessci.,  1902  and  1903. 
)  Nwy  and  Knapp,  Jour,  of  Infec.  Dis.,  3, 1906. 
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of  these  microorganisins  have  the  power  of  multiplication  by  tranflverse 
fissioD.  They  possess  flagella  and,  m  the  case  of  some  of  them  atleast, 
definite  immune  bodies  can  be  demonstrated  in  the  serum  of  infected 
subjects  similar  to  tboee  produced  by  bacteria  during  infection.  The 
undulating  membranes  and  the  definite  differentiatton  between  nucleob 
and  cytoplasm  claimed  for  them  by  some  observers  have  not  been  uni- 
formly confirmed,  and  their  similarity  to  the  tiypanosomes  has  not 
therefore  been  established.  On  the  other  hand,  none  of  these  micro- 
organisms has  so  far  been  successfully  cultivated  upon  artificiiU  media, 
with  the  exception  of  the  spirilla  which  occur  in  Vincent's  an^na.  For 
some  of  the  diseases  caused  by  this  class  of  para^tes,  moreover,  trans- 
mission by  an  intermediate  host,  in  which  the  spirilla  undei^  multipli- 
cation, has  been  definitely  shown,  a  fact  which  corresponds  with  the  ' 
conditions  observed  in  many  protozoan  infections.  Upon  a  careful  re- 
view of  these  various  data,  it  seems  to  be  fully  justified,  on  the  basis 
of  our  present  knowledge,  to  group  these  microorganisms,  as  Kolle  and 
Hetsch  <  have  done,  in  a  class  between  bacteria  and  protozoa. 

The  terms  spirochtete  and  spirillum  have  been  indiscriminately  used. 
In  the  original  classification  of  Mlgula  the  difference  between  the  two 
groups  was  based  upon  the  rigidity  of  the  cell  boily  in  the  case  of  the 
spirilla  and  the  sinuous  or  flexible  nature  of  the  cell  in  the  case  of  the 
spirochsetEB.  Although  the'  term  spirillum^  is  Tstlll  eolldquially  used  for 
some  members  of  this  group,  merely  because  of  past  usage,  it  would  be 
better  to  speak  of  all  the  microoi^anisms  here  grouped  together  by  the 
tenn  "spirochietes." 

8TPHILI8  AND  8PIBOCHXTA  PALLIDA 

{Treponemli  pallidum) 

The  peculiar  manifestations  of  syphilis,  its  mode  of  transmission, 
and  the  fact  that  its  primary  lesion  was  always  located  at  the  point 
of  contact  with  a  preceding  case,  have  always  stamped  it  as  unques- 
tionably infectious  in  nature.  Until  very  recently  the  microorgan- 
ism which  gives  rise  to  syphilis  was  unknown.  Many  bacteriologists 
had  attacked  the  problem  and  many  microorganisms  for  which  defi- 
nite etiological  importance  was  clamed  had  been  described.  Most  of 
these  announcements,  however,  aroused  little  more  than  a  sensational 
interest  and  received  no  satisfactory  confirmation,     A  bacillus  described 

>  KolU  und  Hetteh,  "  Die  experimentelle  Bakt.,"  Berlin,  1906. 
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by  Lustgarten  *  in  1884  seaued,  for  a  time,  to  have  solved  the  mysteiy. 
The  Lustgarten  bacillus  was  an  acid-fast  organiem  veiy  similar  to 
Bacillus  tuberculosis,  and  found  by  ita  discoverer  in  a  large  num- 
ber of  syphilitic  lesions.  The  observation,  at  first,  aroused  much  interest 
and  received  some  confirmation.  Later  extensive  investigations,  how- 
ever, failed  to  uphold  the  etiological  relationship  of  this  bacillus  to  the 
disease  and  practically  identified  it  with  the  smegma  bacillus,  so  often 
a  saprophyte  upon  the  mucous  membranes  of  the  nonnal  genitals. 

In  190fi,  Schaudinn,*  a  German  zoologist,  working  in  collaboration 
with  Hoffmann,  investigated  a  number  of  primary  syphilitic  indurations 
and  secondarily  enlarged  lymph  nodes,  and  in  both  lesions  discovered  a 
spirochete  similar  to,  but  easily  distinguished  from,  the  spirocluetes 


Fig.   129.— Spuioch^ta   pallida.     Smear  preiJaratiOD  from   ch&ncre  atained 
by  the  indiai-ink  method. 

already  known.    He  failed  to  find  similar  microorganisms  in  uninfected 
human  beings. 

The  microorganism  descrilx>d  by  liim  Sis  "Spirocluets  pallida"  is  an 
extremely  delicate  undulating  filament  measuring  from  four  to  ten  micra 
in  lei^h,  with  an  average  of  seven  micra,  and  varying  in  thickness  from 
an  Immeasurable  delicacy  to  about  0.5  of  a  micron.  It  ia  thus  distinctly- 
smaller  and  more  delicate  than  the  spirucluete  of  relapsing  fever.  Ex- 
amined in  fresh  preparations  it  is  distinctly  motile,  ita  movements  con- 
sisting in  a  rotation  about  the  long  axis,  gliding  movements  backward 
and  forward,  and,  occasionally,  a  bending  of  the  whole  body.  Its  con- 
volutions, as  counted  by  Schaudinn,  vary  from  3  to  12  and  differ  frtnn 
those  observed  in  many  other  spirochetes  by  being  extremely  steep,  or, 
in  other  words,  by  forming  acute,  rather  than  obtuse,  angles.  The  ends 
of  the  microorganism  are  delicately  tapering  and  come  to  a  point.     In 

'  Liutgarten,  Wien.  med.  Woch.,  noiv,  1884. 

■  Sehaudinn  und  Hoffmann,  Aib.  a.  d.  kais.  GeeuodheiUamt,  22,  1905. 
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his  first  investigatioiifl,  Schsudinn  was  unable  to  discover  flagella  and 
believed  that  he  saw  a  mai^nal  undulating  membrane  similar  to  that 
noticed  in  the  trypanoaomes.  Later  observations  by  this  observer,  as 
well  as  by  others,  revealed  a  delicate  flagelluin  at  each  end,  but  left  the 
existence  of  an  undulating  membrane  in  doubt.  Uncertain,  in  his  later 
investigations,  whether  the  microoi^anisms  described  by  him  could 
scientifically  be  classified  with  the  spirochste  proper,  Schaudinn  sug- 
gested the  name  of  "Treportema  pallidum." 

In  the  same  preparations  in  which  Sptrocbseta  pallida  was  first 
seen,  other  sptrochEetes  were  present,  which  were  easily  distinguished 
from  the  former  by  their  coarser  contours,  their  flatter  and  fewer  undula- 
tions, their  more  highly  refractile  cell  bodies,  and,  in  stained  prepara- 
tions, their  deeper  color.  These  microorganisms  were  not  found 
r^ularly,  and  were  interpreted  merely  as  fortuitous  and  unimportant 
companions.  To  them  Schaudinn  gave  the  name  of  "  Spirochfeta  re- 
fringcois." 

The  epoch-making  discoveiy  of  Schaudinn  and  Hoffmann  was  soon 
confirmed  by  many  observers,  and  the  etiological  relationship  of  Spito- 
chseta  pallida  to  syphilis  may  now  be  regarded  as  an  accepted  fact. 
Although  our  inability  to  cultivate  the  microorganism  has  made  it 
impossible  to  carry  out  Koch's  postulates,  nevertheless  indirect  evi- 
dence of  such  a  convincing  nature  has  accumulated  that  no  reasonable 
doubt  as  to  its  caustive  importance  can  be  retained.  The  spirochEetes 
have  been  found  constantly  present  in  the  primary  and  secondary 
leaons  of  all  carefully  investigated  cases,  and,  so  far,  have  invariably 
been  absent  in  subjects  not  afflicted  with  syphilis. 

Schaudinn  himdelf,  not  loi^  after  his  original  communication,  was 
able  to  report  seventy  cases  of  primary  and  secondary  syphilis  in  which 
these  microorganisms  were  found.  Spitzer'  found  them  constantly 
present  in  a  large  number  of  similar  cases.  Sobembeim  and  Tomas- 
csewsld*  found  the  spirochetes  in  fifty  cases  of  primary  and  secondary 
syphilis,  but  failed  to  find  them  in  eight  tertiary  cases.  Mulzer,*  who 
found  the  microoi^anisms  invariably  in  twenty  cases  of  clinical  syphilis, 
failed  to  find  them  in  fifty-six  carefully  investigated  non-syphiUtic  sub- 
jects. The  voluminous  confirmatory  literature  which  has  accumulated 
upon  the  subject  can  not  here  be  reviewed.  The  presence  of  these 
spirochfetes  in  the  blood  at  certain  stag^  of  the  disease  has  been  demon* 

^Spilarr,  Wien.  klin.  Woch.,  1905. 

*S<Atrnheim  und  Tomaacuteaki,  Mflnch.  med.  Wooh.,   1905. 

*  Jfulcer,  B^.  klin.  Woch.,  1905,  and  Aiduv  [.  Donuit.  u.  Syph.,  79,  1900. 
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fitjated  by  Bandi  and  Simonelli^  who  found  them  in  the  blood  taken 
from  the  roseola  spots,  and  by  Levaditi  and  Petresco  *  who  found  them 
in  the  fluid  of  blisters  produced  upon  the  skin. 

In  tertiary  lesions  the  spirochetes  have  been  found  less  regularly 
than  in  the  primary  and  secondary  lesions,  but  positive  evidence  of  their 
presence  has  been  brought  by  Tomasczewski,'  Ewing,*  and  others  who 
succeeded  in  demonstrating  them  in  gummata.  Noguchi  and  Moore' 
have  recently  found  the  Spirocheeta  palUda  m  the  brain  of  patients  dead 
o!  general  pvesis. 

In  congenital  syphilis,  many  observers  have  found  Spirochsta 
pallida  in  the  lungs,  liver,  spleen,  pancreas,  and  kidneys,  and,  in  isolated 
cases,  in  the  heart  muscle.  The  organisms  were  always  present  in  large 
numbers  and  practically  in  pure  culture.  These  results  more  than  any 
others  seem  to  furnish  positive  proof  of  the  etiological  relationship  be- 
tween the  epirochffite  and  the  disease. 

Demonstration  of  Treponema  palUdum. — In  the  living  state  the 
spirochstes  have  been  observed  in  the  han^ng  drop  or  under  a  cover- 
slip  rimmed  with  vaseline.  It  is  extremely  important,  in  preparing  such 
specimens  from  primary  lesions  or  from  lymph  glands,  to  obtm  the 
material  from  the  deeper  tissues,  and  thus  as  uncontaminated  as  possible 
by  the  secondary  infecting  ^;cnts  present  upon  the  surface  of  an  ulcer, 
and  also  as  free  from  blood  as  possible.  An  onlinary  microscope 
and  condenser  may  be  used,  provi<l(d  that  the  light  is  cut  down  con- 
raderably  by  means  of  the  iris  diaphragm.  This  method  is,  however, 
difficult  And  uncertwn.  It  is  better  to  employ  a  special  device  known 
as  a  "condenser  for  dark-field  illumination"  (Dunkel-Kammer- 
Beleuchtung).  This  apparatus  is  screwed  into  the- place  of  the  Abbe 
condenser.  The  preparation  is  made  upon  a  slide  and  covered  with  a 
cover-slip  as  usual.  A  drop  of  oil  is  then  placed  upon  the  upper  sur- 
face of  the  dark  chamber  and  the  slide  laid  upon  it  so  that  an  eveo 
layer  of  oil,  without  air-bubblos,  intervenes  between  the  top  of  the  dark 
chamber  and  the  bottom  of  the  slide.  The  preparation  is  then  best 
examined  with  a  high-power  dry  lens.  An  arc  li^t  furnishes  the  most 
favorable  illumination.     In  such  preparations  the  highly  refractive  cell- 


'  Bandi  und  Simonelli,  Cent.  f.  Bakt.,  40,  1905. 

*  Levaditi  ct  Pelresco,   Preese  w£d.,   1905. 

•  Tomasczeu-ski,  MOnch.  med.  Woch.,  1906. 
*BmnD,  Proc.  N.  Y.  Path.  Soc.,  N.  S.,  5,  1905. 
'Noguchi  and  Moort,  Jour.  Exp.  Med.,  xvii,  1913. 
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bodies  stalid  out  agajnst  the  black  background,  and  the  motility  of  the 
organisms  may  be  observed,' 

The  dark-field  condenser  is  without  question  the  easiest  method  of 
finding  the  Spirochfeta  pallida.  Its  use  is  easily  learned  and  the  ^para- 
tus  b  sufficiently  cheap  so  that  it  lends  itself  to  the  use  of  the  clinic  and 
the  office.  With  very  little  practice  it  is  possible  to  detect  the  spiro- 
chffite  in  suspension  if  care  is  taken  that  not  too  much  blood  or  other 
solid  particles  are  mixed  with  the  preparation.  Should  it  be  impossible 
to  obtain  the  material  scraped  from  syphilitic  lesions  in  a  sufficiently 
dilute  condition  it  is  best  to  emubify  it  in  a  drop  or  two  of  human 
ascitic  fluid.  \ 

ExAUiNATiON  IN  SuEABs. — The  Spiroch%ta  pallida  can  not  be 
stained  with  the  weaker  anilin  dyes,  and  even  more  powerful  dyes,  such 
as  carbol-fuchsin  and  gentian-violet,  give  but  a  pale  and  unsatisfactory 
preparation.  The  st^nii^  method  most  commonly  used  U  the  one 
oiiginally  recommended  by  Schaudinn  and  Hoffmann.  Thb  depends 
upon  the  use  of  Oiemsa's  azur-eosin  stain  employed  in  various  modi- 
fications. The  most  satbfactory  method-of  applying  thb  solution  b 
as  follows: 

Make  smears  upon  slides  or  cover-slips,  if  possible  from  the  depth  of  the 
lesions,  as  free  as  possible  from  blood. 

Fix  in  metliyl  alcohol  for  ten  to  twenty  minutes  and  dry. 

Cover  the  preparation  with  a  solution  freshly  prepared  as  follows: 

Distilled  water 10  c.c. 

Potassium  carbonate  1  : 1,000 5-10  gtt. 

Add  to  this: 

Giemsa's  solution  {jUr  Romanowski  FSjhung) 10-12  gtt. 

This  stainii^  fluid  is  left  on  for  cue  to  four  hours,  preferably  in  a  moist 
-chamber.    Wash  in  runniug  water.    Blot, 

By  thb  method  Spirochseta  pallida  b  stained  characteristically  with 
a  violet  or  reddish  tinge. 

A  rapid  and  convenient  method  for  stMning  such  smears  consbts  in 
the  use  of  azur  I  and  eosin  in  aqueous  solutions  as  recommended  by 
Wood  (see  section  on  Stuning,  page  109).  The  smears  are  fixed  in 
methyl  alcohol  as  before  and  are  then  flooded  with  the  azur  I  solution. 
The  eosin  solution  is  then  dropped  on  the  preparation  until  an  iridescent 

'  F<a  a  critical  summary  o!  the  various  methods  of  dork-field  illumination,  the 
leader  is  referred  to  an  article  by  Siedentopf,  Zeit.  f.  wiss.  Mikrosc.,  xxv,  190S, 
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pellicle  begins  to  form.    Satisfactory  preparations  may  be  obtained  by 
tbis  method  after  ten  or  fifteen  minutee  of  Htaining. 

An  excellent  method  of  staining  the  treponema  pallidum  in  smear- 
preparaticHiB  is  that  of  Fontana.'  For  this  method,  the  following  solu- 
tions are  necessary: 

1.  Acetic  acid 1  c.c. 

Fonnalin 2c.o, 

EHatilled  water iOO  ce. 

Leave  in  one  minute;  wash  in  water. 

2.  PhcDol  86%  (liquefied  cryrtala) 1  c.c. 

Tannic  add 5  grains 

DistJUed  water 83  c.c. 

Cover  preparation  with  this  and  steam  gently  one-half  minute;  wash. 

3.  Silver  nitrate 0.25  grams 

DirtiUed  water 100  c.c. 

Ammonia  q.  a. 

Add  ammonia  drop  by  drop  until  the  precipitate  which  first  appears  goes 
into  sedation.    Steam  one-half  minute;  wash. 

Recently  a  rapid  and  extremely  simple  and  reliable  method  for  the 
demonstration  of  Spirocbfeta  pallida  in  smears,  by  the  use  of  India  ink, 
has  been  described. 

Smears  are  prepared  in  the  following  way:  A  drop  of  the  fluid 
squeezed  out  of  tbe  syphilitic  lesion,  as  free  as  possible  from  bkxid  cells, 
is  mixed,  on  a  slide,  with  a  drop  of  India  ink  (beet  variety  is  "  Chin  chin" 
Giinthw-Wagner  Liquid  Pearl  ink),  and  the  mixture  smeared  with  tie 
e<^e  of  another  slide  as  in  making  blood  smears.  When  the  smear  dries, 
which  takes  about  a  minute,  it  may  be  immediately  examined  with  an 
oil-inmiersion  lens.  The  organisms  are  seen  unstained  (m  a  black  baclc- 
ground.     (Bee  Fig.  129,  p.  594.) 

Dbuonstration  of  Spirochetes  in  Tissues. — Ordinary  histo- 
logical staining  methods  do  not  reveal  the  spirochsetes  in  tissue  sections. 
It  is  customary,  therefore,  to  employ  some  modification  of  Cajal's 
silver  impregnation.  The  technique  most  commonly  employed  b  that 
known  as  Levadili's  meOiod,*  which  is  carried  out  as  follows: 

llie  fredi  tissue  is  cut  into  small  pieces  which  should  not  be  thicker  than 
2  to  4  mUUmeteiB. 

Fix  in  10%  formalin  (4%  formaldehyde)  for  twenty.four  hours.  Wash  m 
water. 

'See  LtBadili  and  Bankoieaki:  Ann.  de  I'Inst.  Past.,  1913,  XXVII,  p.  fiSI. 
*  LtPadiU,  Comptes  rend,  de  la  soc.  de  biol,  59,  190^, 
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Dehydrate  in  96%  alcohol  twenty-four  hours.    Wash  in  water. 

Hace  in  a  3%  nlver-nitrate  solution  at  incubator  teanf>«ature  (37.6°  C.) 
and  in  the  daric  for  3  to  5  days.    Wa^  in  wat«r  for  a  short  time. 

Place  in  the  following  solution  (freshly  prepared) : 

Pyrogallic  acid 2-4  grams. 

Fonrndin 5  c.c. 

DisUlled  water W   " 

Leave  in  this  for  twenty-four  to  forty-^ht  hours  ati  room  temperature. 

Wash  in  water. 

Dehydrate  in  gnuied  alcohols. 

Embed  in  paraffin  and  cut  thin  sections. 

The  sections  may  be  eiamined  without  further  sttuning,  or,  if  desired, 
may  be  weakly  couiiterstuu€d  with  Giemsa's  solution  or  bematoxylio. 

A  modification  of  this  method  which  has  been  much  recommended  is 
that  of  Levaditi  and  MofwueUan.^  The  directions  given  by  these  authors 
are  as  follows: 

¥ix  in  foimaHn  as  in  previous  method. 

Dehydrate  in  96%  alcohol  12  to  24  hours.    Wash  in  distilled  water. 

Place  in  a  1%  silver-nitfate  solution  to  which  10%  of  pyridin  has  been  added 
just  bdoie  use. 

Leave  in  this  solution  for  2  to  3  hours  at  room  temperature  aud  from  four 
to  dx  hours  at  50°  C.  approximately. 

Wash  rapidly  in  10%  pyridin. 

Place  in  a  solution  containing  4%  of  pyrogallic  acid  to  which  10%  of  C.  P. 
acetone,  and  15%  (per  volume)  of  pyridin  have  been  added  just  before  use. 
Leave  in  this  solution  2  to  3  houts. 

Wash  in  water,  dehydrate  in  graded,  alcohols,  and  «nbed  in  paraffin  by  the 
umal  tediniqae. 

Examined  after  treatment  by  either  of  these  methods,  the  spiro- 
chEetes  appear  as  black,  untransparent  bodies  lying  chiefly  extracellu- 
larly.  They  are  characteristically  massed  about  the  blood-vessels  of  the 
oi^ns  and  only  exceptionally  seem  to  penetrate  into  the  interior  of 
the  parenchyma  cells. 

Attempts  at  cultivating  SpirocBeeta  pallida  were  at  first  unsuccessful. 
Recently  Schereschewsky  '  has  reported  that  he  has  succeeded  in  ob- 
taining multiplication  of  the  oi^anisms  on  lutificial  media  as  follows: 
Stetile  horse  serum  in  centrifi^e  tubes  was' coagulated  at  60°  C.  until 
it  assumed  a  jelly-like  consistency.    It  was  then  placed  in  the  incubator 

'  Lemdili  et  Manouelian,  Comptes  rend,  de  la  soc.  de  biol.,  60,  1906. 
*  Scheretdtewtky,  Deut.  med.  Wocb.,  N.  S.,  xix  and  ndx,  1909. 
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at  37.5"  C.  fot  three  days  before  being  used.  The  cultures  were  planted 
by  snipping  off  a  small  piece  of  tissue  from  a  syphilitic  lesion,  droppiog 
it  into  such  a  tube,  and  causing  it  to  sink  to  the  bottom  by  means  of 
centrifugalization.  The  tube  was  then  tightly  stoppered  with  a  corL 
In  such  anaerobic  serum  cultures  Schereschewsky  claims  to  have  grown 
the  organisms  for  several  generations, 
though  not  in  pure  culture, 

Muhlens  also  obtained  growth  of 
Spirochseta  pallida  in  horse  serum  agar 
by  a  method  which  is  very  shnilar  to 
that  of  Schereschewsky.  The  most  ex- 
tensive and  convincing  work  on  trepon- 
ema  pallidum  has  been  done  recently  by 
Noguchi.     Noguchi '  began  his  work  in 

UDA.    Spleen,  congenital  eyph-      ....  .     -  i.  l-i- 

ilia.     (Levaditi  method.)  tivatioi^  were  made  from  the  syphihs- 

infected  testicles  of  rabbits,  and  after 
many  unsuccessful  attempts,  with  slightly  varying  media  and 
teclmique,  he  finally  succeeded  in  the  following  way:  He  pre- 
pared tubes  (20  cm.  high  and  1.5  cm.  wide),  containing  10  c.c. 
of  a  serum-water  made  of  distilled  water,  three  parts;  and  horse, 
aheep,  or  rabbit  serum,  one  part.  These  were  sterilized  by  the 
fractional  method  in  the  usual  way  (15  minutes  each  day).  Into  them 
was  then  placed  a  small  piece  of  sterile  rabbit  kidney  or  testicle  and  a 
bit  of  the  testicle  of  a  syphilitic  rabbit,  in  which  many  spirochsetes  were 
present.  The  flmd  was  then  covered  with  sterile  paraffin  oil  and  placed 
in  an  anaerobic  jar.  After  10  days  at  33.5°  C.  the  spirochstes  had 
multipUed  considerably,  in  all  but  one  case,  together  with  bacteria.  He 
obtained  pure  cultures  from  these  initial  cultivations  after  much  difG' 
culty,  by  a  number  of  methods.  At  first  he  succeeded  only  by  allowing 
the  E^iroch^etes  to  grow  through  Berkefeld  filters,  which  they  did  on 
the  fifth  day.  A  better  method  more  recently  adopted  by  him  consists 
in  preparing  high  tubes  of  three  parts  of  very  slightly  alkaline  or  neutral 
agar  to  which  a  piece  of  sterile  tissue  has  been  added.  These  tubes  are 
then  inoculated  from  the  impure  cultures  with  a  long  pipette.  Close 
to  the  tissue  and  along  the  stab  the  spirochaetes  and  bacteria  will  grow 
and,  after  about  ten  days  to  two  weeks,  the  spirochtetes  will  have  wan- 
dered away  from  the  stab  and  will  be  visible  as  hazy  colorues.    They  can 


'Noguchi,  Jour.  Exp.  Mod.,  xiv,  1911;  xvii,  1913, 
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then  be  fished,  after  cutting  the  tubes,  and  directly  transplanted  to 
other  Berum-agar-tissue  tubes  prepared  as  before,  and  eventually  will 
grow  in  pure  culture.  By  this  method  Ni^uchi  has  also  cultivated  pure 
cultures  from  lesions  in  monkeys,  and  hae  produced  lesions  both  in  rab- 
bits and  monkeys  with  his  pure  cultures.  He  has  thus  for  the  first  time 
cfuried  out  Koch's  postulates  with  syphilis  and  established  beyond  the 
shadow  of  a  doubt  the  etiological  signiGeance  of  SpirochEeta  pallida  in 
syphilis. 

The  writer,  with  Hopkins,  has  successfully  applied  Noguchi'e  method 
and  has  found  that,  after  once  cultivated  artificially,  the  treponema 
pallidum  can  be  obtained  in  quantity  best  by  cultivation  in  flasks  con- 


Fia.  131.— Spieoch«ta  pallida.    Liver,  congenital  syphilia, 
(Levaditi  method.) 

tainit^  heated  or  unheated  rabbit  kidney  with  ascitic  broth  and  sealed 
with  paraffin.  Recently  we  have  been  using  modificatioas  of  a  method 
worked  out  in  bur  laboratory  by  Miss  Gilbert,  in  which  slanted  egg, 
with  or  without  glycerin,  made  as  for  tubercle  cultivation,  is  used  in- 
stead of  kidney  tissue.  This  is  put  up  in  high  tubes  and  ascitic  broth 
and  paraffin  oil  added.  By  this  method,  large  quantities  of  culture 
palhda  are  obtained  within  two  weeks  and  can  be  concentrated  in  large 
quantities. 

AwiTna.1  Pathogenic!^. — Until  very  recently,  all  experimental  inoc- 
ulation of  animals  was  unsuccessful.  During  the  year  1903  Metchnikoff 
and  Roux '  finally  succeeded  in  transmitting  the  disease  to  monkeys. 
The  monkey  first  used  by  these  observers  was  a  female  chimpanzee. 
At  the  point  of  inoculation,  the  clitoris,  there  appeared,  twenty-six  days 
after  inoculation,  a  typical  indurated  chancre,  which  was  soon  followed 
by  swelling  of  the  inguinal  glands.  Fifty-six  days  after  the  inoculation 
there  appeared  a  typical  secondary  eruption,  together  with  swelling  of 
the  spleen  and  of  the  lymph  nodes.    Similar  successful  experiments  were 


>  Melehnikog  et  Roux,  Ann.  de  I'inst.  Pasteur,  1903,  1904,  and  1905. 
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made  booq  after  this  by  Lassar.'  Soon  after  the  ezperimentfi  of  Metcb- 
nikoff  and  Roux,  successful  inoculations  upon  lower  monkeys  (mae>- 
cus)  were  carried  out  by  Nicolle.*  Since  that  time,  it  has  been  found 
by  various  observers  that  ahnost  all  spedes  of  monlffiys  are  susceptible. 
Simple  subcutaneous  injection  is  not  sufficient  to  produce  a  \eaoa. 
The  technique  which  has  given  the  most  satisfactory  results  oonsBte 
in  the  cutaneous  implantation  of  small  quantities  of  syphilitic  tissue 
obtained  by  excision  or  curetting  of  primary  and  secondary  lesions.  A 
small  pocket  b  made  tmder  the  mucous  monbrane  of  the  genitals  or  of 
the  eyebrows  and  the  tissue  placed  in  this  under  aseptic  precautioos. 
The  inoculation  may  be  made  directly  from  the  human  being,  but  caa 
also  be  successfully  carried  out  from  monkey  to  monkey  for  many 
generations.  Attempts  at  tranamiawon  from  tertiary  leedons  have  so  far 
been  unsuccessful.  The  spiroctuetes  can  be  demonstrated  both  in  the 
primary  lesions  of  the  inoculated  animal  and  in  the  secondarily  enlarged 
glands.  The  successful  inoculation  of  rabbits  with  syphilis  has  been 
recently  performed  by  Bertarelli.*  He  obtained  idcerative  lewons  by 
inoculation  upon  the  cornea  and  into  the  anterior  chamber  of  the  eye 
and  was  able  to  prove  the  syphilitic  nature  of  these  lesions  by  finding 
the  spirochffite  within  the  tissue.  In  these  animals,  as  well  as  in  the 
lower  monkeys,  the  disease  usually  remains  localised. 

In  1907,  Parodi  showed  that  syphilitic  lesions  oould  be  produced  by 
direct  inoculation  into  the  testicles  of  rabbits.  This  method  of  inoculsr 
tioQ  has  been  subsequently  studied  by  many  investigators,  especially 
by  Uhlenbuth  and  Mulzer.*  It  is  the  easiest  method  of  obtaining 
spirochsete  in  any  quantity  from  lesions  In  man.  The  spirochate-con- 
taining  lesions  may  be  either  excised  or  scraped  as  conditions  permit 
and  rubbed  up  in  a  mortar  with  sterile  sand,  in  a  few  centimeters  of 
sterile  human  ascitic  fluid.  This  emulsion  is  then  injected  directly 
into  the  substance  of  rabbit  testicles.  A  swelling  supervenes  which 
is  often  noticeable  after  two  weeks,  and  is  usually  at  its  height  in  5  to 
7  weeks.  At  this  time  the  testicle  is  much  larger  than  normal,  some- 
times evenly  swollen  and  sometimes  nodular,  and  of  a  firm  elastic  con- 
ustency.  When  taken  out  at  castration  it  oozes  a  sticky  fluid,  both 
from  testicle  and  tunica,  which  is  rich  in  actively  motile  spirochieU*. 
By  continuous  transinoculation  from  one  rabbit  to  another  such  a  strain 
can  be  indefinitely  carried  along.     It  can  be  inoculated  from  rabbits 

'  Lauar.  Berl.  kUn.  Woch.,  xl,  1903.  '  NieoOe,  Aon.  de  I'iiut.  Pasteur,  1903. 

'  Bertardii,  Cent.  f.  Bakt.,  xli,  1906. 

•  UhietUaiih  und  Afulicr,  Arb.  a.  d.  k.  GMlrodh'tsunt.,  xxxiii,  1909. 
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to  monkeys  and  vice  versa.  This  method  as  well  as  Nt^uchi's  cul- 
tiva^ons  have  opened  a  new  era  of  spirochete  investigation.  It  is  ■ 
stated  by  some  observers  that  intravenous  inoculation  of  rabbits  may 
be  followed  by  localisation  in  the  testis  and  occasionally  gummatous 
infections  in  other  parts  of  the  body  have  been  induced  after  such  in- 
oculation by  Uhlenhuth,  Mulaer,  and  others. 

Inununintion  In  SypbUli. — It  is  a  well-known  fact  observed  by 
clinicians  that  during  active  syphilis  the  patient  cannot  be  euperin- 
fected.  That  this  resistance  develops  quite  rapidly  was  shown  by 
Metclinikoff  and  Roux,  who  found  that  reinfection  of  a  monkey  was 
possible  if  attempted  within  two  weeks  of  the  first  inoculation,  but 
was  unsuccessful  if  delayed  beyond  this  period. 

On  the  basis  of  this  knowledge,  Metchnikoff,'  Finger  and  Land- 
steiner,'  and  others  have  made  attempts  to  devise  some  method  of  un- 
mimizatioD.  They  attempted  to  attenuate  the  syphilitic  virus  by  re- 
peated passage  through  monkeys.  These  experiments  were  unsuccess- 
ful, the  last-mentioned  observers  finding  absolutely  no  attenuation 
after  twelve  generations  of  monkey  inoculation. 

Bertarelli  and.others  have  shown  that  the  production  of  a  syphilitio 
ledon  on  the  cornea  of  one  eye  does  not  protect  against  an  inoculation 
done  on  the  other.  Rabbits  that  have  been  inoculated  with  spirochsete 
material  and  that  have  not  developed  syphilitic  disease  can  be  success- 
fully inoculated  on  subsequent  attempts.  The  offspring  of  female  rab- 
bits with  syphilis  of  the  cornea  are,  acoorcUng  to  Muhlens,  not  immune. 

TTiere  is  no  evidence  so  far  that  specific  therapy  or  treatment  with 
spiroctuete  material  has  had  favorable  influence  upon  the  disease. 
Chemotherapy   has    had    results    anat<^ous    to   those    obtained    in 

Attempts  at  passive  immunization  have  been  entirely  without  success. 

Investigations  carried  on  in  our  own  laboratory  in  the  last  three 
years  have  shown  definitely,  we  think,  that  immunization  of  animals 
with  culture  pallida  produces  antibodies,  i^lutinins,  treponemacidal 
substances,  entirely  analc^ous  to  ^milar  substances  produced  ag^nst 
bacteria.  However,  there  is  a  biological  change  which  takes  place 
when  treponema  pallidum  is  cultivated.  The  antibodies  produced 
with  the  culture  pallida  have  no  action  whatsoever  upon  the  virulent 

>  MeUhnUeoff,  Arch.  gte.  de  mdd.,  1905. 

■  F^mger  und  Laadatemer,  SitiuDgibN-.  d.  Wien.  Akftd.  d.  Wies.,  1905. 

*  Yon  pTQVeatk,  "I{aiidbucl|  der  pathogenen  Prptoioen,"  i,  1912,  Leiptig,  Bartsct). 
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organisms.  The  latter,  indeed,  seem  to  be  entirely  insulated  against 
such  antibodies  and  do  not  induce  antibody  formation  to  any  great 
extent,  in  either  the  infected  animal  or  man.  Both  active  and  passive 
immunization  with  culture  pallida  aiid  the  sera  produced  with  them 
l^ave  no  effect.  We  have  obtained  some  evidence,  however,  that  in  rab- 
bits a  purely  local  resistance  developes  in  the  tissue  previously  the  site 
of  a  lesion. 

The  occurrence  of  a  Wassermann  reaction  was  formerly  supposed  to 
indicate  the  existence  of  specific  syphilitic  antibodies  in.  the  serum  of 
patients.  More  recent  information  regarding  this  reaction  seems  to 
show  that  it  depends  upon  the  presence  in  the  serum  of  syphilitic 
patients  of  substances  produced  indirectly  because  of  the  presence  of 
syphilitic  infection.  It  may  be  a  relative  increase  of  globulins  or,  as 
Schmidt  has  suggested,  a  change  in  the  physical  state  of  the  globulins 
or  other  substances  present  in  the  serum.  At  any  rate  it  has  been  found 
that  the  fixation  of  complement  in  the  Wassermann  reaction  does  not 
depend  upon  the  occurrence  of  a  specific  antigen-antibody  reaction. 
In  the  first  place  the  antigens  most  commonly  used,  and  Bucces^ully 
so,  in  the  Wassenuann  reactions,  are  non-specific  lipoidal  extracts  of 
normal  organs. 

Ag^n  it  has  been  demonstrated  that  extracts  of  cultures  of  the 
Spirochjeta  pallida  as  well  as  extractions  from  the  testes  of  syphilitic 
rabbits  do  not  furnish  an  antigen  suitable  for  the  Wassermann  reaction. 
This  has  followed  especially  from  the  work  of  Noguchi,'  of  Crwg  and 
Nichols,'  and  ourselves.  This  forms  a  corollary  to  the  other  experi- 
ments previously  mentioned  and  ahowa  that,  whatever  the  Wassermann 
reaction  may  be,  it  is  not  a  specific  complement  fixation  in  the  sense  of 
Bordet  and  Gengou.  It  must  be  admitted,  therefore,  that  our  knowl- 
edge of  syphilis  immunity  is  in  its  infancy  and  that  we  know  very  little 
about  the  systemic  reactions  which  follow  infection  with  the  Spirochffita 
pallida. 

The  fact  that  the  syphilitic  virus  docs  not  pass  throi^h  a  filter  has 
been  demonstrated  by  KlingmUllcr  and  Baermann,*  who  inoculated 
themselves  with  filtrates  from  syphilitic  material. 


<  Zintser  and  Hopkins,  Jour,  of  ^xp.  Med.,  nd,  1915,  p.  576j  xxUi,  1916,  p.  S 
iii,  1916,  p.  329;  xxiii,  11116,  p.  341. 
'  Nogucki,  Jour,  Am.  Med.  Aasoi;.,  1912. 
'  Craig  and  Nichols.  Jour.  Exp.  Med.,  xvi,  1912. 
*  Klini/milUfT  und  Baermann,  Deut,  med.  Wotii.,  1901.  ,.    . 
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THE  SFIB0CHJBTE8  OF  RELAPSINa  nVKR 

The  microorganisms  causing  relapsing  fever  were  first '  observed  in 
1873,  by  Obermeifer,'  who  demonstrated  them  in  the  blood  of  patients 
suffering  from  this  distinct  type  of  fever.     Since  his  time  extensive 


Fia.  132. — 8ptitOGH.«rG  or  Rbufsiug  Fbver.     (After  Norris,  Pappenheimer,  - 

and  Flournoy.)  .'  , 

studies  by  many  other  observers  have  proven  beyond  question  the 
eUologicai  connection  between  the  disease  and  the  organisms. 

Morphology  and  Staining.— The  spirochfetc  of  Obermeier  is  a  delicate 
spiral  thread  measuring  from  7  to  9  micra  in  length  (Novy),  and  about 
i  micron  in  thickness.  While  this  is  its  average  size,  it  may,  according 
to  some  observers,  be  considerably  longer  than  this,  its  undulations 
varying  from  4  to  10  or  more  in  number.  Compared  with  the  red  blood 
■  Obenneter,  Ceat.  f.  d.  med.  Wiss.,  11,  1873. 
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celh  among  which  they  are  seen,  the  microorganisins  may  vary  from 
one-half  to  9  or  10  times  the  diameter  of  a  corpuscle.  In  fresh  prepara- 
tions of  the  blood,  very  active  corkscrew-hke  motility  and  definite  lateral 
oscillatioa  are  observed.  In  stained  preparations  no  definite  cellular 
structure  can  be  made  out,  the  cell  body  appearing  homogeneous,  accept 
Id  d^enerated  individuais,  in  which  irregular  granulation  or  beading 
has  been  observed.    Flagelfa  have  been  described  by  varioua  obBervera. 


Fta.  133. — SPIBOCH.BTB  of  Relapbino  Fever.     Citrated  noirnal  rat  blood. 
(After  Norris,  Pappenheimer,  and   Floumoj.) 

Novy  and  Knapp*  believe  that  the  OTganisms  possess  only  one  terminal 
flagellum.  Zettnow,*  on  the  other  hand,  claims  to  have  demonstrated 
lateral  flagella  by  special  methods  of  staining.  Norris,  Pappenbeim»', 
and  Floumoy,*  in  smears  stained  by  polychrome  methods,  have  described 
long,  filamentous  tapering  ends  which  they  interpreted  aa  bipolar, 
terminal  fiagella,  never  observing  more  than  one  at  each  end.  Spores 
are  not  found. 

Cultivation. — Innumerable  attempts  to  induce  these  microorganisms 
to  multiply  upon  artificial  media  have  been  made.  Novy  and  Knapp 
succeeded  in  keeping  the  microorganisms  alive  and  virulent  in  the 

'  Novy  and  Knapp,  Jour,  of  lofec.  Die.,  3,  1906. 

•ZeOnow,  Deut.  med.  Woch.,  32,  1906. 

*  Ntirri;  Pappenheimer,  and  FUmmoj/,  Jour.  o(  Inf.  Dis.,  3,  1906, 
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origmal  blood  for  as  long  as  forty  days,  and  call  attention  to  the  fact 
that  the  length  of  time  for  which  they  may  be  kept  alive  depends  to  a 
great  ejttent  upoE  the  stage  of  fever  at  which  the  blood  is  removed  from 
the  patient.  They  do  not,  however,  believe  that  extensive  multiplica- 
tion, or,  in  other  words,  actual  cultivation,  had  taken  place  in  their 
expeiiments.  Norris,  Pappenheimer,  and  Floumoy,  on  the  other  hand, . 
have  obtuned  positive  evidence  of  multiplication  of  the  Rpirochfetes  in 
fluid  media.  They  obtained  their  cultures  by  inoculating  a  few  drops 
of  spirochietal  rat  blood  into  3  to  5  c.c.  of  citrated  human  or  rat  blood. 
Smears  made  from  these  tubes,  after  preservation  for  twenty-four  hours 
at  room  temperature,  showed  the  microoi^anisms  in  greater  number 


Fia.  134.— Spirochete  ov  RsLAPHmn  Fever.     (From  preparation  tumiahed 
by  Dr.  G.  N.Calkina.) 

than  in  the  original  infected  blood.  A  similar  multiplication  could  be 
observed  in  transfers  made  from  these  "first-generation"  tubes  to  other 
tubes  of  citrated  blood.  Attempts  at  cultivation  for  a  third  generation, 
however,  failed. 

Noguchi  ^  has  lately  successfully  cultivated  the  spirochaete  of  Ober- 
meier  in  ascitic  fluid  containing  a  piece  of  st«rile  rabbit's  kidney  and  a 
few  drops  of  citrated  blood  imder  anaerobic  conditions. 

Four  different,  probably  distinct  varieties  of  spirochsete  have  been 
described  in  connection  with  relapsing  fever,  all  of  which  have  been 
cultivated  by  Noguchi  by  means  of  this  method.  The  first  is  known  as 
the  spirochete  of    Oberme'er  mentioned  above.      Probably  distinct 


'  Noguchi,  Jour.  Exp.  Med.,  xvii,  1913. 
40 
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are  the  Spirochieta  Duttoni,  described  by  Dutton  and  Todd '  in  1905,  the 
Spirochseta  Kochi,  and  the  Spirochxta  Novyi,*  the  organism  Audied  by 
Norris  and  Floumoy  and  Pappenheimer,  and  regarded  as  a  different 
species  by  them. 

Pathogenicity. — Inoculation  with  blood  containing  these  spiroch£et*a 
produces  disease  in  monkeys,  rats,  and  mice.  Attempts  to  transmit 
the  disease  experimentally  to  dt^,  rabbits,  and  guinea-pigs  have  so 
far  been  unsuccessful.  The  subcutaneous  inoculation  of  monkeys  is 
followed  after  from  two  to  four  days  by  a  rise  of  temperature  which 
occurs  abruptly  as  is  the  case  in  the  disease  in  man  and  which  may  last 
several  day.s.  During  this  time  the  spirochastcs  can  be  found  in  the 
blood  of  the  animals  just  as  it  is  found  in  that  of  infected  human  beings. 
The  temperature  subsides  after  a  day  or  more,  when  it  again  rapidly 
returns  to  normal.  As  a  rule,  the  paroxysms  are  not  repeated.  Occa- 
sionally, however,  two  or  three  attacks  may  supervene  before  immunity 
is  established.  In  rats,  an  incubation  time  of  from  two  to  five  daj-s 
occurs.  At  the  end  of  this  time  the  spirochiBtta  may  be  found  in  large 
numbers  in  the  blood,  and  the  animals  show  symptoms  of  a  severe 
systemic  infection.  The  attack  lasts  from  four  to  five  days,  at  the  end 
of  which  time  the  microorganisms  again  disappear.  Occasionally  even 
in  these  animals  relaijses  have  been  oljserved.  Gross  patholc^cal 
changes  arc  not  found,  with  the  exception  of  an  enlargement  of  the 
spleen. 

In  man  the  disease  caused  by  the  spirochete  of  Obermeier,  commonly 
known  as  relapsing  fever,  is  common  in  India,  Africa,  and  most  of  the 
warmer  countries.  It  has,  from  time  to  time,  been  observed  epidemically 
in  Europe,  especially  in  Russia,  and  a  few  epidemicii  have  occurred  in 
the  Southern  United  States.  The  dL-^ease  comes  on  abruptly,  tK^nning 
usually  with  a  chill  accompanied  by  a  sharp  rise  of  temperature  and  gen- 
eralized pains.  Together  with  the  rise  of  temiierature,  which  often  ex- 
ceeds 104°  F.,thereare great prftstrationandocca-sionally delirium.  Early 
in  the  disease  the  spleen  becomes  palpable  and  jaundice  may  appear. 
The  spirocha^tes  are  easily  detected  in  the  blood  during  the  persistence 
of  the  fever,  which  lasts  usually  from  three  to  ten  days.  At  the  end 
of  this  time  the  temperature  usually  drops  as  suddenly  as  it  rose,  and 
the  general  Bj-mptoms  rapidly  disappear.  After  a  free  interval  of 
from  one  to  three  weeks  a  relapse  may  occur,  which  is  usually  less 
severe  and  of  shorter  duration  than  the  original  attack.     Two,  three,  nr 

'  l>ullor,  anti  TtjilH,  Brit.  Me<l.  Jour.,  1905. 
'  Novy  «tiil  FTiu-nki'i,  I'itmi  fnun  Noguchi. 
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even  four  attacks  may  occur,  but  the  diBcase  is  not  very  often  fatal. 
When  patients  do  succumb,  however,  the  autopsy  findings  are  not 
particularly  characteristic.  Apart  from  the  marked  enlai^ement  of 
the  spleen,  which  histologically  shows  the  changes  indicating  simple 
hyperplasia,  and  a  slight  cnlai^ement  of  the  liver,  no  lesions  are  found. 
The  diagnosis  is  easily  made  during  the  febrile  stage  by  examination  of 
a  small  quantity  of  blood  under  a  cover-slip  or  in  the  hanging-drop 
preparation. 

Several  types  of  relapsing,  fever  have  been  described.  In  Africa  the 
disease  has  long  been  prevalent  in  many  regions  and  the  investigations 
of  Rosa  and  Milne,'  Koch,*  Dutton  and  Todd,'  and  others  have  brought 


Tia.  135. — 8PIBOCH.ETB  ov  Dutton,  African  Tick  Fever.     (From  prepara- 
tion funuabcd  by  Dr.  G.  N.  Calkins.) 

to  light  that  many  conditions  occurring  among  the  natives,  formerly 
r^arded  as  malarial,  arc  caused  by  a  species  of  .spirocliajte.  Whether 
or  not  the  microorganisms  observed  in  the  African  disease  are  exactly 
identical  with  the  spirochete  obs<;rved  by  Obermeier  is  yet  a  question 
aI>out  which  several-opinions  are  held,  Dutton  and  Todd  believe  that 
the  same  microorganism  is  rcspon-sible  for  both  di.seases.  Koch,  on  the 
other  hand,  believes  that  the  sliglitly  smaller  size  of  the  African  spiro- 
chete an<i  the  milder  course  of  the  clinical  symptoms  indicate  a  defi- 
nite difference  between  the  two.  Animal  experiments  made  with  the 
African  organism,  furthermore,  usually  show  a  much  more  severe  in- 
fection than  do  similar  inoculations  with  the  European  variety.     The 

'  Ro»s  and  Milne,  Brit.  Med.  Jour.,  1904. 

'  Koch,  Deut.  m«l.  Woch.,  xxxi,  190.?. 

•£>utton  and  Todd,  LaDcet,  1905,  and  Jour,  of  Trop.  Med.,  1905. 
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spirochete  found  in  the  African  disease  is  usually  spoken  oi  at  present 
as  "SpirochiBta  Duttoni."  Novy  and  Knapp,'  after  extensive  studies 
with  the  microorganisms  from  various  sources,  have  come  to  the  conclu- 
sion that,  although  closely  related,  definite  species  differences  exist  be- 
tween the  two  types  mentioned  above,  and  that  these  again  are  definitely 
distinguished  from  similar  organisms  described  by  Turnbull*  as  occurring 
in  a  similar  disease  observed  m  India. 

The  mode  of  transmission  of  this  disease  is  not  clear  for  all  types. 
Dutton  and  Todd,  however,  were  able  to  show  satisfactorily  that,  in  the 
case  of  the  African  disease  at  least,  transmission  occurs  tbrou^  the 
intermediation  of  a  species  of  tick.  The  conditions  under  which  such 
intermediation  occurs  have  been  carefully  studied  by  Koch.*  The 
tick  (Omithodorus  moubata)  infects  itself  when  sucking  blood  from 
tm  infected  human  being,  The  spirochete  may  remain  alive  and 
demonstrable  within  the  body  of  the  tick  for  as  long  as  three  days. 
Koch  has  shown,  furthernore,  that  they  may  be  found  also  within  the 
eggs  laid  by  an  infected  female  tick.  He  succeeded  in  producing  experi- 
mental infection  in  monkeys  by  subjecting  the  animals  to  the  hitcs 
of  the  infected  insects.  For  the  European  variety  of  the  disease  no 
such  intermediate  host  has  as  yet  been  demonstrated. 

Immunity. — It  has  long  been  a  well-known  fact  that  recovery  from 
an  attack  of  relapsing  fever  usually  resulta  in  a  more  or  less  definite 
immunily.  The  blood  of  human  beings,  monkeys,  and  rats  which  have 
recovered  from  an  attack  of  this  disease  show  definite  and  specific 
bactericidal  and  agglutinating  substances,  and  Novy  and  Knapp  have 
demonstrated  that  the  blood  serum  of  such  animals  may  be  used  to 
coniet  passive  immunity  upon  others. 


VINCENT'S  AHQINA 

The  condition  known  as  Vincent's  angina  consists  of  an  inflamma- 
toiy  lesion  in  the  mouth,  pharynx,  or  throat,  situated  most  frequently 
upon  the  tonsils.  The  disease  usually  begins  as  an  acute  stomatitis, 
pharyngitis,  or  tonsillitis,  which  soon  leads  to  the  formation  of  a  pecudo- 
membraiie,  whicli,  ut  this  Mtngi;,  has  a  great  deal  of  resemblance  to  thai 
caused  by  the  diphtheria  bacillus.  At  later  stages  of  the  disease  then 
may  be  distinct  ulceration,  the  ulcers  having  a  well-defined  natpa 


^Novv  and  Knapp,  liw.  cit.  '  TitmbuU,  Indian  Med.  Gai.,  1905. 

'  Koch,  Berl.  med.  Woch.,  1906. 
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and  "punched-out"  appearance,  so  that  clinically  they  have  of  tea  been 
erroneously  diagnosed  as  syphilis.  Apart  from  the  localized  pain,  the 
disease  is  usually  mild,  but  occasionally  moderate  fever  and  systemic 
disturbances  have  been  observed.  Unlike  diphtheria  and  syphilis,  this 
peculiar  form  of  angina  usually  yields,  without  difficulty,  to  local  treat- 
ment. 

The  nature  of  lesions  of  this  peculiar  kind  was  not  clear  until  Plaut/ 


Fia.  136.-~SuEUit  FROM  1 

Vincent,*  and  others  reported  uniform  bacteriolc^cal  findings  in  cases 
of  this  description.  These  observers  have  been  able  to  demonstrate 
in  smears  from  the  lesions  a  spindle-shaped  or  fusiform  bacillus,  to- 
gether with  which  there  is  usually  found  a  spirillum  not  unlike  the 
spirillum  of  relapsing  fever.      The    two    microorganisms    are    almost 

'  FlatU,  Deut.  iDed.  Woch.,  riix,  1894. 

'  Vmeeitt,  Ann.  de  I'inst.  Pasteur,  1896,  and  Bull,  et  m^m.  de  1&  boc.  atid.  dea 
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always  found  together  in  this  form  of  disease  and  were  regarded  by 
the  first  observers  as  representing  two  distinct  forms  dwelling  in  sym- 
biosis. More  recently  Tunniciiff,'  on  the  basis  of  experimental  work, 
has  claimed  identity  for  the  two  forms,  believing  that  they  represent 
difTerent  developmental  stages  of  the  same  organism. 

The  fusiform  bacilli  described  by  Vincent,  Plaut,  Babes,  and  others. 
lire  from  3  to  10  micra  in  length,  and  have  a  thickness  at  the  center 
varying  from  0.5  to  0.8  micron.     From  the  center  they  taper  gradually 


Via.  137.— Throat   Smb*r.   ViNrF.STs  Aniiina.    Kusifcinn  bacaii  and  spiriJla. 


toward  the  ends,  ending  in  blunt  or  sharp  points.  The  length  of  thew 
liacilli  may  vary  greatly  within  one  an<l  the  siime  smear  preparation. 
They  are  usually  straight,  sometlmra  slightly  curved.  They  do  not  stitin 
very  easily  with  the  weaker  anilin  dyes,  but  are  readily  staine<l  l)y 
Loeffler's  methyl  one-blue,  carbol-fuchsin,  or  better,  by  Giemsa's  .stain. 
Stained  by  Gram,  they  are  usually  decolorized,  though  in  this  respect  the 
writers  have  found  them  to  vary.  Staintd  preparations  show  a  charac- 
tcrLstic  inequality  in  the  intensity  of  the  stain,  the  bacilli  being  more 


•if  [rif.T,  Dis.,  3,  liMW. 
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deeply  stuned  near  the  end,  and  showing  a  banded  or  striped  atternation 
of  stained  and  unstained  areas  in  the  central  body.  Their  staining 
qualities  in  this  respect  are  not  unlike  those  of  the  diphtheria  bacillus, 
and  a^^eording  to  Babes*  the  dark  areas  are  to  be  interpreted  as  meta^ 
chromatic  granules.     The  bacilli  are  not  motile. 

The  spirilla  found  in  Vincent's  angina  are  usually  somewhat  longer 
than  the  fusiform  bacilli,  and  are  made  up  of  a  variable  number  of  un- 
dulations, shallow  and  irregular  in  their  curvatures,  unlike  the  more 
regularly  steep  waves  of  Spirochseta  pallida.  They  are  stained  with 
even  more  difficulty  than  are  the  bacilli  and-usually  appear  less  distinct 
in  the  preparations.  The  stain,  however,  is  taken  without  irregu- 
larity, showing  none  of  the  apparent  metachromatism  observed  in  the 
bacilli. 

By  the  earlier  observers  cultivation  of  these  microorganisms  was 
attempted  without  success.  Itocently,  however,  it  has  been  shown  that 
cultivation  could  be  carried  out  under  anaerobic  conditions.  Tunni- 
cliff  ^  has  cultivated  the  oiganisms  anaerobically  upon  slanb^  of  ascitic 
agar  at  37.5°  C.  This  observer  found  that  in  such  cultures,  before  the 
fifth  day,  bacilli  only  could  be  found,  that  after  this  time,  however, 
spirilla  gradually  appeared  and  finally  constituted  the  majority  uf  the 
organisms  in  the  culture.  It  appeared  to  Tunnicliff  from  this  study 
that  the  spirilla  might  be  developed  out  of  the  fusiform  microorgan- 
isms representing  the  adult  form. 

The  microorganisms  of  Vincent's  angina,  when  occurring  in  the 
throat,  are  rarely  present  alone,  being  asually  accompanied  by  other 
microorganism.^,  such  an  staphylococci,  streptococci,  and  not  infre- 
quently diphtheria  bacilli.  When  occurring  together  with  diphtheria, 
Uiey  are  said,  by  some  German  observers,  to  aggravate  the  latter 
condition  considerably.  This  frequent  association  with  other  micro- 
organisms renders  it  impossible  to  decicle  conclusively  that  the  fusi- 
form bacilli  and  spirilla  are  the  primary  etiological  factors  in  these 
inflammations.  It  has  been  frequently  suggested  that  they  may  Iw 
present  as  secondary  invaders  upon  the  soil  prepared  for  them  by  other 
microorganisms . 

Animal  inoculation  with  these  microorganisms  has  led  to  little  result. 

Fusiform  Bacilli  other  than  those  in  Vincent's  Anglita.-~Fusiform 
bacilli  morpho  I  (Really  indistinguishable  from  those  found  in  the  angina 
of  Vincent  may  frequently  be  found  in  smeare  taken  from  the  gums, 

'Babes,  in  Kolle  unrf  \V«««Tm!mn,  1.   Ere-inKimBsband,  1907. 
>  Tunnidiff,  Jour,  of  Infc'P.  Di.).,  It,  l;)y  i. 
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from  carious  teeth,  aqd  occasionally  among  the  microorganisms  in  the 
pus  from  old  sinuses.  Several  varieties  (rf  these  beicilli  have  been  de- 
scribed in  connection  with  definite  pathological  conditions. 

Babes,'  in  1S93,  observed  spindle-sbfiped  bacilli  not  imlike  than 
described  above,  but  somewhat  shorter,  in  histological  sections  prepared 
from  tissues  from  the  gums  of  individuals  suffering  from  scurvy.  He 
found  similar  bacilli  in  rabbits  intravenously  inoculated  with  material 
from  the  patients  and  was  able  to  cultivate  the  bacilli  for  several  g«iera- 
tions.  Misdescriptions,  however,  of  the  microorganians  as  found  in  the 
secondary  cultures  vary  considerably  from  those  of  the  original  findings 
in  the  gums  of  the  patients.     His  rcsulte  are  not  convincing. 

In  noma,  a  gangrenous  disease  of  the  gums  and  cheeks,  occumng 
occasionally  in  individuals  who  have  been  severely  run  down  by  acute 
infectious  diseases  or  great  hardship.  Weaver  and  Tunnicliff  have  found 
spirilla  and  fu^form  bacilli  in  large  numbers.  The  oiganisms  were  pres- 
ent not  only  in  smears  from  the  surface,  but  were  also  found  by  hieto- 
l<^cal  methods,  in  large  numbers,  lying  in  the  tissues  beyond  the 
area  of  necrosis.  Here  again  it  is  not  entirely  cert^n  whether  these 
microorganisms  were  the  primary  etiological  factors  or  wheth^ 
they  are  to  be  regarded  merely  as  secondary  invaders  of  a  necrotic 
focus. 

Fusiform  bacilli  are  cultivated  with  greater  ease  than  formerly  sup- 
posed; we  have  found  it  relatively  simple  to  grow  them  together  with 
Gram  positive  cocci  in  symbiosis  in  simple  broth  tubes  covered  with 
paraffin  oil  without  the  addition  of  any  enriching  substance  and  in 
similar  symbiotic  conditions  on  infusion  agar  plates  under  incomplete 
anaerobic  conditions.  In  such  plates  they  form  curious  colonies  in 
which  the  fusiform  bacilli  and  micrococci  are  intimately  conmiingled. 
Krumwiede  *  has  had  no  difficulty  in  cultivating  them  in  pure  culture 
in  anaerobic  plates. 

SPIBOCHf  TA  FEBTEHUIS 

In  a  disea.se  known  as  "Frambcesia  tropica,"  or  popularly  "Yaws," 
occurring  in  tropical  and  subtropical  countries  and  much  resembling 
syphilis,  Casteliani,'  in  1905,  was  able  to  demonstrate  a  species  of 
spirochiete  which  has  a  close  morphological  resemblance  to  Spirochfeta 
[mllida.     The  microorganism  was  found  in  a  large  percentage  of  the  cases 

'  BnfKS.  Deut.  med.  Woch.,  xLii,  1893. 

'Krumwiede,  Jour.  Inf.  Dis.,  1913. 

•  C<M(eH<m),  Brit.  Med,  Jour.,  1905,  aod  Deut.  med.  Woch.,  1906. 
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mined  both  in  the  cut&neous  papules  and  in  ulcerations.  CtHifirm- 
atory  InvestigationB  on  a  larger  series  of  cases  were  later  carried  out  by 
von  dem  Borne.' 

The  microoif^anism  is  from  7  to  20  micra  in  length  with  numerous 
undulations  and  pointed  ends.  Examined  in  fresh  preparations,  it  has 
an  active  motility  similar  to  that  of  l^pirocbseta  pallida.  In  smears 
it  is  easily  stained  by  means  of  the  Giemsa  method. 

Both  the  clinical  similarity  between  yaws  and  syphilis,  as  well  as 
the  similarity  between  the  microoi^anisms  causing  the  diseases,  has 
opened  the  question  as  to  the  identity  of  the  two  microorganisms. 
According  to  most  clinical  observers,  however,  yaws,  which  is  a  disease 
characterized  chiefly  by  a  generalized  papular  eruption,  is  unquestion- 
ably distinct,  clinically,  from  lues,  and  experiments  of  Neisser,  Baermann, 
and  Halberstadter,'ae  well  as  of  Castellani  *  himself,  have  tended  to  show 
that  there  is  a  distinct  difference  between  the  immunity  produced  by 
attacks  of  the  two  diseases.  The  disease  is  transmissible  to  monkeys, 
as  is  syphilis,  but  it  has  been  satisfactorily  shown  that  monkeys  mocu- 
hited  with  syphilitic  material,  while  no  longer  susceptible  to  infection 
with  Spirochteta  pallida,  may  still  be  successfully  inoculated  with 
SpirocbEBta  pertenuis. 

8PIBOGHSTA  OALLINARUM 

An  acute  infectious  disease  occurring  among  chickens,  chiefly  in 
South  America,  has  been  shown  by  Marchoux  and  Salimbeni  *  to  be 
caused  by  a  spirochEete  which  has  much  morpholc^cal  similarity  to  the 
spirochsete  of  Obermeier. 

The  disease  comes  on  rather  suddenly  with  fever,  diarrhea,  and  great 
exhaustion,  and  often  ends  fatally.  The  spirochiete  is  easily  demon- 
strated in  the  circulating  blood  of  the  animals  by  staining  blood-smears 
with  Giemsa's  stain  or  with  dilute  carbol-fuchsin. 

Artificial  cultivation  of  the  microorganism  has  not  yet  been  ac- 
complished. Experimental  transmission  from  animal  to  animal  b  easily 
carried  out  by  the  subcutaneous  injection  of  blood.  Other  birds,  such 
as  geese,  ducks,  and  pigeons,  are  susceptible;  mammals  have,  so  far, 
not  been  successfully  inoculated.     According  to  the  investigations  of 

'  Von  dem  Bome,  Jour.  Trap.  Med.,  10,  1B07. 

*  NeiHKT,  Baermann,  uad  HaB>eritadler,  MUnch,  med.  Woch.,  xxviii,  1906. 
■  CfwfeUont,  Jour,  ot  Hyi?.,  7,  1907. 

*  MarchimK  et  Salvnbeni,  Ann.  de  I'mst.  PaBteur,  1903. 
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LevatUti  and  Manourlian,'  the  spiroch»tes  are  found  not  only  in  the 
blood  but  thickly  distributed  throughout  the  vaiious  organs. 

Under  natural  conditiuns.  infection  of  chickens  seems  to  depend 
upon  a  species  of  tick  which  act-s  as  an  int«rmediate  host  and  causes 
infection  by  its  bite.  The  spirochsete,  according  to  Marchoux  and  Sal- 
imbeni,  may  be  found  in  the  intes- 
tinal canal  of  the  ticks  for  as  long 
as  five  months  aft«r  their  infection 
from  a  diseased  fowl. 

In  the  blood  of  animals  which 
have  survived  an  infection,  agglutin- 
ating substances  appear  and  acUve 
immunization  of  animals  may  be 
carricil  out  by  the  injection  of  b- 
fecUd blood  ill  which  the spirocbstes 
have  been  killed,  either  by  moderate 
heat  or  by  preservation  at  room 
temperature.  The  serum  of  immune 
animals,  furthermore,  has  a  pro- 
tective action  upon  other  birds. 

It  is  not  impossible  that  the  Spiro- 
cha^ta  gallinarum  may  be  identical 
with  the  Spirocha?ta  an.serina  previ- 
ously discovered  by  Sacharoff,'  This 
la-st-niuned  microt)rTjanism  causes  a  disi^ase  in  geese,  observed  espe- 
cially in  HiiKsia  and  Northern  Africa,  which  both  clinically  and  in  its 
I'athological  lesions  corresiKinds  closely  to  the  disease  al>ove  described 
as  occurring  in  chicken.^.  The  apirochaete  is  found  during  the  febrile 
jieritHl  of  the  disease  in  the  circulating  blood,  is  morpholep cally  indis- 
tingiiisliabU'  from  the  r'jHnK'h^'te  of  chickens,  and  can  not  be  cultivated 
artificially.  The  simil.irity  is  further  strengthened  by  the  fact  that 
Hpirocha-tii  aiiserinais  pathogenic  for  other  birds,  but  not  for  animals 
of  other  genera,  Noguchi  has  succeeded  in  cultivating  Spirochteta 
gallinarum  by  the  s;imc  method  by  which  he  has  cultivated  the  or- 
ganisms of  rclaiTsiiig  fever.  Ascitic  fluid  tubes  with  a  piece  of  sterile 
rabbit  kidney  were  inoculate<l  \vith  a  few  drops  of  blood  containing  the 
si)iroclia;tes  and  cultivated  at  37.5"  C.  under  anaerobic  conditions. 
Spiroclueta  phagodenis. — This  is  an  organism  cultivated  by  Noguchi 

'  I^-v.,.liH  i.|  M,„umrli,i„,  Ann.  <lc-  I'liist.  Pustcur,  1906. 
'Swhimff,  Ann.  Ue  I'lnst.  I'atilcur,  ISOl, 


Fio.  l^S.— Spir(h-ii«ta  <;ai.i.i\a- 
Ki'M.  (t'roin  prc|>aration  [uniUhnl 
Iiy  Dr.  C.  N.  Ciilkins.) 
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by  hia  ascitic-fluid-tl'^suc  method  from  phagedenic  lesions  on  huninn 
external  genitals.     It  is  probably  a  new  species. 

Spiroctueta  maerodvntium. — Cultivated  by  Noguchi ; '  is  believed  by 
him  to  be  identical  with  the  spirochiet;'  found  in  Vincent's  angina. 

Spirochsta  microdentlum. — A  similar  organism  with  wide  con- 
volutions, cultivated  by  Nt^uehi  from  the  tooth  deposits  chiefly  in 
children.  It  was  grown  on  mixtures  of  sheep  serum  water  and  sterile 
tissue  in  a  way  similar  to  that  employed  by  him  for  other  organisms  of 
this  group. 

Splrodueta  calUgrrum. — Cultivated  by  Ni^uchi '  from  condylomata 
— is  probably  a  new  species. 

Weil'B  Disease. — Weil 's  disease  is  a  malady  which  has  been  known 
fur  a  l(m>c  time,  in  which  there  is  a  moderate  febrile  iiiiiveinent.  with 
jaundice,  enlarged  liver,  and  a  hemorrhagic  eruption.  In  this  disease, 
Inada,  Yutaka,  lloki,  Kaneko,  and  ito^  have  dcscril>e(l  the  Spiro- 
chiL'te  icteroiia'moragiea.  They  have  found  the  organisms  in  the  liver 
by  the  Ijcvaditi  method,  the  adrenal  t;lH"ds  and  the  kidneys,  and  have 
transmitted  it,  with  the  blood  of  eases,  to  guinea-pigs  by  intrapeii- 
toneal  injection.  They  succeeded  in  cultivating  it  by  the  Noguchi 
method. 

Bat-Bite  Fever. — Rat-bite  fever  is  a  peculiar  disease^  which,  after  an 
incubation  period  of  ten  or  more  days,  is  characterized  by  fever,  head- 
ache and  intlamniation  at  the  site  of  the  bite,  swollen  lymph  glands, 
skin  eruption  and  pains.  After  three  to  six  days  the  fever  ceases  and 
an  afebrile  period  of  two  or  three  days  ensues.  After  this  the  fever 
again  occurs.  Kecently  Futaki,  Takaki,  Taniguchi,  and  Osumi '  have 
described  a  treponema  which  they  have  called  Tre.imncma  mormis  miiiii. 
It  is  a  spiral  organism,  somewhat  larger  than  the  Treponema  pallidum, 
and  is  found  in  the  skin,  the  lymph  nodes,  and  in  the  blood.  They 
have  succeeded  in  inoculating  rats  and  have  cultivated  it  in  Schi- 
nmmine  medium,  which  consists  of  100  c.c.  of  horse  serum  in  whieli 
0.5  to  0.75  gram  of  sodium  nucleate  is  dissolved  and  carbon  dioxide 
passed  through  the  solution  until  the  serum  becomes  transparent.  It 
is  then  heated  for  three  days  at  60°.  and  on  the  fourth  day  nt  fi.")° 
until  it  coagulates.  This  medium  is  deeply  inoculated,  hut  no  other 
anaerobic  precautions  are  taken. 

'  Noguchi,  Jour.  Exp.  Med.,  xv,  1912.         '  Nog^tchi,  Jour.  Kxp.  Med.,  xvii,  lill:i. 
*Jour.  of  Exp.  Med.,  1916,  xxiii,  p.  249.     'Jour.  Exp.  Med.,  1916,  xxiii,  p.  377. 
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CHAPTER  XLTV 

THE  HIGHER  BACTERIA 

(Chlamjfdc^acteriaceat,  TrichomyceUs) 

Standing  midway  between  the  true  bacteria  and  the  more  complex 
molda  or  Hyphomycct<'s,  there  ai-e  a  number  of  pathogenic  micro- 
organiams  which  offer  gi-cat  difficultii'H  to  ola.s«ification.  In  the  classifi- 
cation of  Migula  iiioMt  (if  these  forms  have  boon  p)ac(>d  in  a  rather 
heterogeneous  group,  the  Chlamjdobai^teriac^pie,  By  other  authow. 
notably  Laf^hner-Sandoval,'  Berfwtncw  *  and  l>y  Prtru«chky,'  the  close 
relationship  of  thes(^  forms*  to  the  higher  hyphomyce(«i  has  been  ein- 
phaaized  and  they  have  been  grouped  aa  a  subdivision  of  the  true  molds 
under  the  family  name  of  Trie  homy  cetes. 

Petnischky  *  proposes  the  following  clear  schcmatization,  which, 
even  though  possibly  <lcfectivc  from  a  purely  botanical  point  of  view, 
is  at  lea-st  serviceable  for  the  purposcfi  of  the  bjic'toriologist. 


Hyplioinyretra 

Truemot.l>i 

TrichomycetM 

Leptothrix 

Cladothrii                  Streptothrix 

Actinomyces 

Leptothrix  is  used  to  designate  those  forms  which  appear  aa  simple 
threads  without  branching. 

CUidothrix  is  a  thread-like  form  in  which  falae  branching  may  be 
recognized.  By  false  branching  is  meant  an  appearance  rttaulting  from 
the  fragmentation  of  threads.  The  terminal  coll  breaks  away  from  tiie 
main  stem,  is  set  at  an  angle  by  the  elongation  of  the  thread  itself,  and. 


'  Lachner-Sandooal,  "lleber  Strahlenpilze."     Diss.  Strsssburg,  1898. 

'  Battlnea,  Ref.  Cent.  f.  Bakt.,  xxiv,  1898. 

*PelTu»chky,  in  KoUe  und  Wassermann,  "Handbuch,"  etc 

*  Pttnuchky,  loc,  cit. 
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as  both  continue  dividing,  tlie' simulation  of  true  branching  is  pro- 
ducwl. 

Streptotkrix  denotes  forms  with  numerous  true  branches  and  spores 
which  usually  appear  in  chains. 

Actinomyces  is  of  more  complicated  Structure,  characterized  by  the 
formation  of  club-shaped  ends  and  the  stellate  arrangement  of  its 
threads. 

LIPTOTHKIZ 

Members  of  the  leptothrix  group  have-  been  observed  in  connection 
with  inflammations  of  the  mouth  and  pharynx  by  Frankel,'  Michelson,' 
Epstein,^  and  others.  In  many  of  these  cases  the  organism  was  identi- 
fied by  morphology  chiefly,  pure  cultures  not  having  been  obtained. 
The  disease  in  none  of  these  cases  was  accompanied  by  severe  systemic 
symptoms  and  it  is  likely  that  when  found  in  human  beings  the  organ- 
isms may  be  regarded  simply  as  comparatively  harmless  saprophytes 
appearing  in  connection  with  some  other  specific  inflammation. 

Cultivation  of  the  Loptothricca  is  not  easy  and  has  been  successftd 
only  in  the  liands  of  Vignal  *  and  Arustamoff,* 

OLADOTHRIZ 

Owing  to  much  confusion  in  the  differentiation  of  these  forms  from 
the  streptothricea,  it  is  not  possible  to  determine  whether  cases  of  true 
cladothrix  infection  have  been  observed.  It  is  likely  that  most  cases 
ascribed  to  microorganisms  of  this  class  have  really  been  due  to  strep- 
tothrix  infection.  The  deciding  criterion  is,  of  course,  the  formation  of 
branches  and  these  seem  to  have  been  observeil  in  most  of  the  cases 
describetl.  A  closer  differentiation,  in  the  future,  between  true  and 
false  branching  can  alone  determine  whether  or  not  cases  of  cladothrix 
infection  proper  may  occur. 

8TREPT0THRIZ 

Reports  of  cases  of  streptothrix  infection  of  various  parts  of  the 
body,  in  both  animals  and  man,  are  abundant  in  tht  literature.    The 

■  Frankel,  Kulenbu rg's  "  Itealencycl.  <l.  gesam.  Heilkunde,"  1882. 
'MiehtUrm,  Beri.  klin.  Wwh.,  ix,  1889. 

•  BptUin,  Prag.  med.  Woch.,  1900. 

•  Vignal,  Ann.  de  phya.,  viii,  ISSR. 

■  Armtamaff,  Quoted  from  Petmscbky,  loc.  dt 
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curliest  ob-wrvationtt  wen-  niacin  upon  microorgaDisms  isolatetl  from  tiie 
human  conjunctiva.  Nooanl '  in  ISSS  (|p-scribc<l  a  mpnibt5r  of  this 
group  UM  the  ctiolonic^itl  factor  iu  a  disease  "farcies  du  hceuf "  occurring 
amoiiKcalllt!  in(!uailcloii|)c.  I^piiiiigcr '  found  etreptothrices  in  the  pus 
of  ;i  cerebral  ab-ce.;.-;.     I'etruschky .'  Rvrcstneff,'  Flcxner."  Norris  and 
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Larkiii,"  aii'l  a  nunilier  of  otlier  ol>ser\-erM  have  found  these  Inic^oo^ 
ganisiiii  in  ciws  of  imlimmary  discaw^,  simulating  tuberculoais.  Sup- 
punitiims  of  l)o?in  ami  ul  the  skin  and  tlic  intestinal  canal  have  ixien 
reported.  Tlie  irifecfioii.  (lieixTon',  is  not  very  rare,  but  the  diver* 
e\|H'rieni'eri  of  worl«r.-!  who  have  atteiujiled  to  cultivate  these  micro 


.  Fiisi,- 


INS8. 

l-:p,,im,,-t.  Uien.  kliii.  U'ocli..  I.SIHI. 

I'dru^rl,/:.,.  \-.-rhi.iiLi:.  ,1.  KoiiKr.  f.  iancre  Hodit.,  188S 
Bne^luqj.  'Ant.,  f.  IIvr..  x.\ix,  IHilS, 
Flexm-r,  Jour.  Kxp.  Moil.,  iii".  IWIO, 
NorrU  and  Larkin,  Proc  vl  X.  V.  I'fttb-  Sum.,  March,  1! 
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organisms  seem  to  indicate  that  not  all  of  the  incitants  described  be- 
longed to  one  and  the  same  variety,  but  that  probably  a  number  of 
different  typts  may  exist, 

Moiphology- — Morphoiogically  the  atreptothrices  show  considerable 
variation.  In  material  from  infectious  Ic^^ions  they  have  most  often 
appeared  as  rods  and  filamenta  with  well-marked  branching.  Occasion- 
ally the  filaments  are  long  and  intei'wincii,  and  branches  have  shown 
bulbous  or  club-shaped  ends.  In  Norris  and  Larkin's  case,  the  young 
cultures  in  the  first  generations  seem  to  have  consistwl  chiefly  of  rod- 
shaped  forma  not  unlike  bacilli  of  the  diphtheria  proup,  showing  marked 
metachromatian'  when  stained  with  Leofflcr's  methylc no-blue.   They  are 


Fia.  !40.— SiHKPTo'ruiiix,  SHowi-Na  Titui:  Branchisq. 

easily  stained  with  this  dj-c  or  with  aqiiooiia  fuchsin.     In  tissue  sections 
they  maj'  he  demonstrated  by  the  fii-ani-\\'oigert  ni<'thod. 

OoltiTatioii. — Direct  cultivation  upon  agar  and  gelatin  plates  has 
occasionally  been  successful.  At  the  end  of  four  or  five  days  grayish- 
white,  glistening,  flat  colonies  may  appear  which  attain  a  diameter  of 
several  mihimetors  within  two  weeks.  The  colon!  later  may  take  on  a 
yellowish  hue  and  bcRin  to  liquefy  the  gelatin.  In  bouillon  flocculent 
precipitates  anfl  surface  pellicles  of  intenvJned  threads  may  form,  with- 
out clouding  of  the  medium.  N'orris  and  Larkin'  found  much  difficulty 
in  cultivating,  but  finally  succeeded  by  making  smears  of  the  infectious 
material  upon  fresh,  sterile  kidney-tissue  of  rabbits.  The  micro- 
>  Noma  and  Larkin,  loo.  dt. 
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organisms  grew  abundantly  upon  this,  but  failed  to  grow  on  any  of  the 
other  tissues.  After  growth  of  several  generations  upon  this  medium, 
cultures  were  finally  obtained  upon  agar  plate»  and  upon  broth. 

Inoculation  of  cultures  into  rabbits  and  guinea-pigs  have  given  rise 
to  Rubcutaneous  abscesses,  bronchopneumonia,  and  suppuration,  accord- 
ing to  the  mode  of  infection. 

AOTINOBIT0I8 

Among  the  diseases  caused  by  the  Trichomycetea  or  h^her  bacteria, 
the  most  important  is  actinomycosis.  Occurring  chieHy  in  some  of  the 
domestic  animals,  notably  in  cattle,  the  disease  is  observed  in  man  with 
sufficient  frequency  to  make  it  of  great  clinical  importance.  In  catUc 
the  specific  microoi^anism  which  gives  ries  to  the  disease  was  first 
observed  by  Bollinger '  in  1877.  In  the  following  year  Israel  *  dis- 
covered a  similar  microorganism  in  human  cases. 

The  parasites  appear  in  the  pus  from  discharging  lesions  as  small 
granular  bodies,  plainly  visible  to  the  naked  eye  and  somewhat  resem- 
bling sulphur  granules,  of  a  graybh  or  of  a  pale  yellow  color.  In  size 
they  measure  usually  a  fraction  of  a  millimeter.  Ordinarily  they  are 
soft  and  easily  crushed  under  a  cover-slip,  but  occasionally,  especially  in 
old  lesions,  they  may  be  quite  hard,  owing  to  calcification. 

Microscopically  they  arc  most  easily  recognized  in  fresh  preparations 
prepared  by  crushing  the  granules  upon  the  slide  under  a  cover-slip  and 
examining  them  without  staining.  They  may  be  rendore<l  more  clearly 
visible  by  the  addition  of  a  drop  or  two  of  20  per  cent  potassium  hydrate. 
When  the  granules  are  calcareous,  the  addition  of  a  drop  of  concentrated 
acetic  acid  will  facilitate  examination.  P'resh  preparations  may  be 
examined  after  staining  with  Cram's  .stain.  Observed  under  the  mivro- 
B('opc,  the  gramilcM  app<^ar  as  ix).'«'tt«'-like  mas.ses,  the  centers  of  which 
are  quite  opaque  and  dense,  appearing  to  be  made  up  of  a  closely  meshed 
network  of  filaments.  Around  the  margins  there  ai'e  found  nulially 
arranged  striations  which  in  many  cases  end  in  characteristically  cUib- 
ahaped  bodies.  Inside  of  the  central  network  there  are  often  seen 
coccoid  or  spore-like  bodies  which  have  been  variously  interpreted  as 
spores,  as  degeneration  products,  and  as  separate  cocci  fortuitously 
found   in  symbiosis  with   the  actinomyces.     Individually   considered, 


Digitized  by  Google 


THE  HIGHER  BACTERU  623 

the  central  fUameots  have  approximately  the  thicknees  of  an  anthrax 
bacillus  and  are,  accordiag  to  Babea,'  composed  of  a  sheath  within 
which  the  protoplasm  contains  numerous  and  different  sized  granules. 

About  the  periphery  of  the  granules  the  free  ends  of  the  filaments 
i>ecome  gradually  thickened  to  form  the  so-called  actinomycosis  "  clubs." 
These  clubs,  according  to  most  observers,  must  be  regarded  as  hyaline 
thickenings  of  the  sheaths  of  the  threads  and  are  believed  to  represent  a 
form  of  degeneration  and  not,  as  some  of  the  earlier  observers  believed, 
organs  of  reproduction.  They  are  homogeneous,  and  in  the  smaller  and 
presumably  younger  granules  are  extremely  fragile  and  soluble  in  water. 
In  older  lesions,  especially  in  those  of  cattle,  the  clubs  are  more  re- 
sistant and  less  easily  destroyed. 

They  appear  only  in  the  parasites  taken  from  active  lesions  in  animals 
or  man,  or,  as  Wright '  has  found,  from  cultures  to  which  animal  serum 
or  whole  blood  has  been  a<lded.  In  cultures  from  media  to  which  no 
animal  fluids  have  been  a<liled,  such  as  glucose  agar  or  gelatin,  no  clubs 
are  found.  In  preparations  stained  by  Gram's  method  the  clubs  give 
up  the  gentian- violet  and  take  counter-stains,  such  as  cosin. 

The  eoccus-like  bodies  found  occasionally  lying  between  the  filaments 
of  the  central  mass,  most  observers  now  agree,  do  not  represent  any- 
thing comparable  to  the  spores  of  the  true  byphomycetes.  In  many 
cases  they  are  unquestionably  contaminating  cocci;  in  others  again 
they  may  represent  the  results  of  degeneration  of  the  threads. 

In  tissue  sections,  the  microorganisms  may  be  demonstrated  by 
Gram's  method  of  staining  or  by  a  special  method  devised  by  Mallory.' 
This  is  as  follows  for  parafHn  sections: 

1.  Stain  in  saturateil  aqueous  eosin  10  minutes. 

2,  Wash  in  water. 

3,  Aniiin  gentian-violet,  5  minutes. 

4.  Wash  with  normal  salt  solution. 
6.  Oram's  iodin  solution  1  minute. 

6.  Wash  in  water  and  blot. 

7.  Cover  with  aniiin  oil  until  section  is  clear. 

8.  Xylol,  several  changes. 

9.  Mount  in  balsam. 

Onltlvition,— The  isolation  of  actinomyces  from  lesions  may  be 
easy  or  difficult  according  to  whether  the  pus  is  free  from  contamination 

1  Babea,  Vireh.  Arch.,  105,  1886. 

•  /.  H.  Wrighl,  Jour.  Med.  Ree.,  viii,  1905. 

•  Afdtiory,  Method  No.  l.Mallory  and  Wright,  "  Path.  Technique,"  Phila.,  1908. 
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or  whether  it  contjims  large  numbers  of  other  bacteria.  In  the  latter 
case  it  may  be  almost  impossible  to  obtftin  cultures.  The  descriptions 
of  methods  of  isolation  and  of  cultural  characteristics  given  by  various 
writers  have  shown  considerable  differenccB.  The  most  extensive 
cultural  work  has  been  done  by  Boatroem,'  Wolff  and  Israel,  and  by  J. 
H.  Wright.  Bostroem  has  described  hia  cultures  as  aerobic,  but  Wolff 
and  Israel  *  and  Wright '  agree  in  finiling  that  the  microorganisms  iso- 


SlC.     1-1 1 .— ACTINOMTCES    fiHANTILK     CRUHHED     BrNKATH     A     CoVBR-G LABS.       I'lH 

staiiioil.    Ijow  powor.    f^liciws  rrtiliul  sl.risitionH.     (AfUT  Wright  and  Bruwn.) 

iated  by  them  from  actinomycotic  lesiiins  giow  but  sparsely  underacrobic 
conditions  and  favor  an  environment  which  is  entirely  free  from  oxygen, 
or  iit  least  contuina  it  only  in  small  quantities.  The  method  for  isolation 
recommoniled  by  Wright  is,  briefly,  as  follows:  Pus  is  obtained,  if 
po.s.Hible,  from  a  c1o.s<hI  lesion  and  wiished  in  sterile  water  or  broth.  The 
griiiiuics  iirt-  then  crushed  between  two  sterile  slides  and  examined  tor 

I  li«Hlr<>em.  Kcilr.  /..  ratli.  Aniil.  ii.  z.  allg.  Pii.th.,  ix.  189a 
'  ItW/f  1111,1  /miW,  \irrli.  Airli.,  IJii,  18'J1. 
»J.  II.  IVriylU,  Jour.  Meii.  Res.,  viii,  1905 
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the  presence  of  filaments.  If  these  arc  present  in  reasonable  abundanee, 
the  material  is  tlistributcd  in  tubes  of  glucose  agar,  which  are  then 
allowed  to  solidify.  If  these  first  cultivations  show  a  large  number  of 
contaminations,  Wright  recommends  the  pn'seivation  of  other  washed 
granules  in  test  tubes  for  several  weeks,  in  the  hope  that  contaminating 
microorganisms  may  thus  be  killed  by  drying 
before  the  aetinomyces  lose  their  viability. 

If  cultivation  is  successful  colonies  will  ap- 
pear, after  two  to  four  days  at  37.5°  C. ,  as  minute 
white  specks,  which,  in  Wright's  cultures,  ap- 
peared most  abundantly  within  a  zone  .situated 
5  to  10  millimeters  below  the  surface  of  the 
medium.  Above  and  below  this  zone  they  are 
less  numerous,  indicating  that  a  small  luiiount  of 
oxygen  fumi.-'hcs  the  best  cuHui'ul  <'nviix;iiment. 
l'|>on  the  surface  of  agar  slants,  growth,  if  it 
takes  place  at  all,  is  not  luxuriant. 

In  alkaline  meat-infusion  broth  growth 
takes  place  in  the  form  of  heavy,  floe<iiIent 
masses  which  appear  at  the  bottom  of  the  tubes. 
Surface  growth  and  clouding  do  not  take  place. 

Milk  and  potato  have  been  used  as  culture 
media  but  are  not  particularly  favorable. 

Pathogenicity. — As  stated  alwve,  aetinomy- 
cosLS    occura    spontaneously     most     fiffiuently  Fiu.    142,~A(.tinc)- 

Eimong  cattle  and  human  beings.       It  may  also     u  r  eies    (l  ii  a  n  e  IiG 
oi'cur  in  sheep,  dogs,  eats,  and  horses.     Itsloca-     I'ii'shkh    Kknkath   a 

lions    of    protlilection    arc    the   various    part-s       "^'^'"1''"^^' 

,.  ,  ■  i      ,  .  Bliiiiuil.      Mn!  prciJur.i- 

adjaccnt  to  the  mouth  and  pharynx.  It  occurs  ^j^^,j  kIujw.s  livi  mandn 
also,  however,  in  the  lungs,  in  the  intestinal  of  tlie  cranu'e  and  tho 
canal,  and  upon  the  skin.  When  occurring  in  "clubs."  (AfterWright 
its  most  frequent  location,  the  lower  jaw,  the  ^"'^  Brown.) 
disease  presents,  at  first,  a  hanl  nodular  swell- 
ing which  later  becomes  soft  bc);ause  of  central  necrosis.  It  often 
involves  the  bone,  causing  a  ran'fying  osteitis.  Ats  the  swellings 
break  down,  sinuses  are  fonned  from  which  the  granular  pus  is 
dLseharged.  The  neighboring  lymph  nodes  show  painless,  hard  swell- 
ings. Histologically,  about  the  filamentous  knobs  or  granules,  there  la  a 
formation  of  epithelioid  cells  and  a  small  round-cell  infiltration.  In 
older  cases  there  may  be  an  enca]>suIation  in  connective  tissue  and  a 
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calciiication  of  the  necrotic  masses,  leading  to  spontaneous  cure.  As  a 
rule,  this  process  is  extremely  chronic.  lofeetion  in  the  lungs  or  in  the 
intra-abdominal  organs  is,  of  course,  far  more  serious.  When  death 
occurs  acutely,  it  is  often  due  to  secondaiy  infection.  The  disease  is 
acquired  probably  by  the  agency  of  hay,  straw,  and  grain.  Berestnew ' 
has  succeeded  in  isolating  actinomyces  from  straw  and  hay  which  he 
covered  with  sterile  water  in  a  potato  jar  and  placed  in  the  incubator. 
After  a  few  days  small  white  specks  looking  like  chalk  powder  appeared 
upon  the  stalks,  which,  upon  further  cultivation,  be  was  able  to  identify 
as  the  organism  in  question. 

Animal  inoculation,  carried  out  extensively  both  with  pus  and  with 
pure  cultures  by  several  observers,  has  yielded  little  result.     Progressive 


Fig.  H3.— Branching  FU.AMENT8  or  Actinomyces.    (After  Wri^ttuid  Brown.) 

actinomycotic  lesions  were  never  obtained,  although  occasionally  small 
knobs  containing  colonies  surrounded  by  epithelioid  cells  and  connective 
tissue  were  observed,  showing  that  the  invading  microorganisms  were 
able  to  survive  and  grow  for  a  short  time,  but  were  not  sufficiently 
virulent  to  give  rise  to  an  extensive  disease  process.  Transmission  from 
animal  to  animal,  or  from  animal  to  man  directly,  has  not  been  satis- 
factorily proven. 

Whether  or  not  there  arc  various  forms  of  actinomyces  must 
as  yet  be  regarded  as  an  ojjcn  cjucstion.  The  investigations  of 
Wolff  and  Israel,  however,  together  with  those  of  Wright,  who  alone 
observc<l  thirteen  different  strains,  seem  to  indicate  that  most,  if 
not  all,  of  the  cases  clinically  observed  are  due  to  one  and  the  same 
microorganism. 

'  Bemltuw,  Ref.  Cent.  f.  Bakt.,  24, 1898. 
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The  disease  kaown  by  this  name  is  not  unlike  actinomycosis.  It 
is  more  or  less  strictly  limitod  to  warmer  climates  and  was  first  recog- 
nized as  a  clinical  entity,  in  India,  by  Carter.'  Clinically  it  consists 
of  a  chronic  productive  inflammation  most  frequently  attacking  the 
foot,  less  often  the  hand,  very  infrequently  other  parts  of  the  body. 
Nodular  swellings  occur,  which  break  down  in  their  centers,  leading  to 
the  formation  of  abscesses,  later  of  sinuses.  Often  th6  bones  are  in- 
volved and  a  progressive  rarefying  osteitis  results.  From  the  sinuses  a 
purulent  fluid  exudes,  in  which  are  found  characteristic  granular  bodies. 
These  may  be  haixl,  brittle,  and  black,  resembling  grains  of  gunpowder, 
or  may  be  grayish-white  or  yellow  and  soft  and  grumous.  According  to 
the  appearance  of  these  granules,  two  varieties  of  the  disease  are  dis- 
tinguished, the  "melanoid"  and  the  "ochroid."  Many  observers 
believe  that  the  yellow  or  ochroid  variety  is,  in  fact,  actinomycosis. 
The  black  variety,  which  is  certainly  a  distinct  disease,  is  caused  by  a 
member  of  the  hyphomycetes  group.  The  parasite  has  been  carefully 
studied  by  Wright,'  from  whose  description  the  following  points  are 
taken :  ' 

The  small,  brittle  granules  observed  under  the  microscope  show  a 
«lark,  almost  opaque  center  al9ng  the  edges  of  which,  filaments,  or 
hyphiB,  may  be  seen  in  a  tiiickly  matted  mass.  By  crushing  the  granules 
under  a  cover-slip  in  a  drop  of  sodium  hypochlorite  or  of  strong  sodium 
hydrate,  the  black  amorphous  pigment  is  dissolvetl  and  the  structural 
elements  of  the  fungus  may  be  observed.  They  seem  to  be  composed 
of  a  dense  meshwork  of  mycelial  threads  which  are  thick  and  often 
swollen,  and  show  many  branches.  Transverse  partitions  are  placed 
at  short  distances  and  the  individual  filaments  may  be  very  long. 
Spores  were  not  observed  by  Wright.  In  a  series  of  over  fifty  cultiva- 
tions on  artificial  media  from  the  original  lesion,  Wright  obtained  growth 
in  a  large  percentage. 

In  broth,  he  obtained  at  first  a  rapid  growth  of  long  hyph»  which 
eventually  formed  a  structure  which  he  compares  in  appearance  to  a 
powder-puff. 

On  agar,  growth  appeared  within  less  than  a  week  and  spread  over 
the  surface  of  the  medium  as  a  thick  meshwork  of  spreading  hyphte 


1  Carter  on  Mjtcetoma,  etc.,  London,  1874. 
>  WrigU,  Jour,  of  Exper.  Med.,  3, 1898. 
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of  a  grayish  color.     In  old  culturea  black  granules  appeared  among 
the  myoolial  meshes. 

"  On  potato,  ho  observed  a  deoso  velvety  membrane,  centrally  of  a  pale 
brown,  white  at  the  periphery.  Small  brown  droplets  appeared  on  the 
growth  in  old  cultures. 

Animal  inoculation  with  this  microorganism  has  eo  far  been  un- 
successful. 
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CHAPTEU  XLV 

THE   YEASTS 

{Blastomyceles,  Sacckaromycetes) 

The  yeasts  or  blaHtomyfctos  form  a  distinctive  family  among  uni- 
cellular microorganisms,  characterized  essentially  by  tlieir  method  of 
multiplication  by  budding.  By  this,  they  arc  sharply  separated  from 
the  bacteria.  Their  differentiation  from  the  higher  fungi,  the  hypho- 
mycetea,  however,  is  less  definitely  established,  since  the  chief  character- 
istic of  this  latter  class,  the  formation  of  hypha  and  mycelial  threads,  has 
occasionally  been  described  for  some  of  the  forms  otherwise  identified 
with  the  yeasts.  It  is  probable  that  a  gradual  transition  between  the 
two  families  exists,  represented  by  a  number  of  connecting  forms,  some- 
times spoken  of  as  oidia.  For  the  practical  purposes  of  the  bacteriolo- 
gist, the  yeast  family  is  sufficiently  distinct,  both  morphologically  and 
biologically,  to  make  a  separate  classification  extremely  useful. 

The  yeast  cell,  as  a  rule,  is  oval,  but  among  the  wild  yeasts,  or 
"tonilie,"  spherical  forms  are  common.  In  size,  great  variations  occur, 
but  in  general  the  yeasts  are  much  larger  than  bacteria,  measuring  usually 
fromlO  to20micrain  length  with  a  width  of  about  one-half  or  two-thirds 
of  the  long  diameter.  They  possess  a  well-defined,  doubly-contourcd 
cell-membrane, composed  chiefly  of  cellulose,  and  their  body  protoplasm, 
imlike  that  of  the  bacteria,  shows  definite  structure.  Within  a  mass 
of  finely  granul  arcytoplasm,  a  number  of  highly  refractive  globules  and 
vacuoles  may  be  observed.  Some  of  the  globules  have  been  interpreted 
as  fat-droplets.  Other  granules,  revealed  by  special  staining  methods, 
are  interpreted  aa  nuclear  material. 

When  budding  takes  place,  the  mother  c(;ll  sends  out  a  small, 
globular  evagination  of  the  cell  mt^rnbrane  into  which  maternal  proto- 
plasm fiowB.  This  bud  gradually  enlarges  until  it  has  attained  approxi- 
mately the  same  size  as  the  original  cell.  Until  that  time,  free  inter- 
communication between  the  protfjplasm  of  mother  and  daughter  cell 
exists.  Finally,  by  gradual  narrowing  of  th<;  iHthmus  connecting  the 
two,  the  daughter  cell  becomes  complete  and  free.     By  some  observers 
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defmite  kaiyokinetic  changes  in  the  nuclear  structures  have  been  de- 
scribed as  accompanying  the  budding  process.  This  observation,  how- 
ever, has  nov  been  generally  confirmed.  Under  conditions  of  special 
stress,  such  as  unfavorable  environment  or  lack  of  nutrition,  most 
yeasts  possess  the  power  of  forming  spores.  These,  called  "  ascosporos," 
an;  formed  within  the  yea-tt  cell  itself,  each  spore  forming  a  separate 
membrane  of  its  own,  but  all  of  them  lying  well  protected  within  the 
original  ccll-membranc.  The  number  of  aacospores  formed  is  constant 
for  each  species,  and  laroly  e.\ceeds  four. 

The  yeasts  have  befn  studied  most'  extensively  in  connection  with 
fermentation  and  are  industrially  of  great  importance  in  the  production 


fro.  144.^Ybast  Culm.    Young  culture  unstained.    (After  Zettnow.) 

of  wine  and  beer.  Althounh  SdiWiiiin,  ;w  early  as  1837,  recognized  the 
fact  that  many  fermentations  could  not  oi-(rur  without  the  presence  of 
yeast,  it  was  not  until  considerably  later  that  the  study  of  yeast  fermen- 
tation was  put  upon  a  scientific  basis.  The  typical  fermentative  actioo 
consists  in  the  transformation  of  sugar  into  ethyl  alcohol  according  to 
the  following  formula: 

C,H„0,  =  2C,H,0H  -1-  2  CO, 

The  enzyme  by  which  this  fermentation  is  produced  is  known  as  "»y- 
masc,"  ami  is,  according  to  Buchner,  in  most  cases,  an  endo-enayme 
which  may  be  procured  from  the  cell  by  expression  in  a  hydraulic 
press.     In  addition  to  this,  however,  the  various  yeasts  also  produw 
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otlier  ferments  by  means  of  which  they  may  split  higher  carbohydrates, 
such  as  saccharose,  maltose,  and  even  starch,  and  prepare  them  for 
ftction  of  the  zymase.  The  mamier  in  which  this  Ib  accomplished,  and 
the  by-products  which  are  formed  during  the  process,  vary  among 
different  species,  and  it  is  for  this  reason  that  the  employment  of  pure 
ntltures  is  of  such  great  importance  in  the  wine  and  beer  industries 
where  differences  in  flavor  and  other  qualities  may  be  tiiroctly  dt^pendent 
upon  the  particular  species  of  yeast  employe<l  for  the  fermentation.  It 
is  due  to  the  work  chiefly  of  Pasteur  •  and  of  Hansen '  that  the  beer  and 
wine  industries  have  been  carried  on  along  exact  and  scientific  lines. 

As  the  incitants  of  disease  in  man,  the  yeasts  have  been  much  studied 
since  1894,  when  Busse '  reported  a  case  of  fatal,  generalized  yeast  in- 
fection, beginning  from  a  tibial  bone  abscess.  The  mii^roorganisni  which 
was  found  in  this  case  he  named  "  Saccharomyces  hominis."  In  morpho- 
logical and  biological  characters  it  appeared  to  be  a  typical  yeast,  grew 
readily  upon  most  artificial  media,  and  produced  active  fermentation  in 
I  sugars.  Mycelia  were  not  ohservetl.  When  inoculated  into  animals, 
this  yeast  proved  pathogenic  for  mice  and  rats.  A  peculiarity  of 
Busse's  culture,  observed  since  then  in  the  case  of  many  pathogenic 
yeasts,  was  the  formation  of  gelatinous  capsules,  of  vaiying  thicknesses, 
abdut  the  individual  cells,  developing  with  particular  luxuriance  in  the 
animal  lesions. 

In  1896,  Gilchrist  *  described  a  peculiar  skin  disease,  which  he  spoke 
of  as  pseudo-lupus  vulgaris,  in  the  lesions  of  which  he  demonstrated  a 
lat^  number  of  round,  doubly-contoured  bodies  which,  though  differing 
somewhat  from  Busse's  saccharomyces,  were  unquestionably  members 
of,  or  closely  related  to,  the  family  of  blastomycctes. 

In  the  same  year,  Curtis,'  in  France,  iHolated  a  similar  form  from  a 
myxoma  of  the  leg.  Ophiils'  has  described  a  number  of  fatal  eases 
occurring  in  California,  which  at  first  were  wrongly  interpreted  as 
protozoan  in  origin,  but  later  were  determinetl  by  him  to  be  caused 
by  a  species  of  blastomycctes.  In  a  case  observed  by  Zinsser '  simi- 
lar microorganisms  were  isolated  from  an  abscess  of  the  back,  which 

■  Piutew,  "  Ittudea  sur  la  bttre,"  Paris,  1876. 

•  Haraen,  "  Pmc.  Studies  in  Fermentation,"  London,  1896. 

•  Buwe,  Cent.  f.  Bakt.,  I.  nvi,  1894.  snd  Virch.  Arch.,  140, 1895. 
<  OiichriM,  Bull.  Johns  IlopUns  Hosp.,  vii,  1896. 

•  Curia,  Ann.  de  I'inst.  Paatetir.  10,  1896. 
'  OphtiU,  Jour.  Exp.  Med..  6.  llfOl. 

'  Ziiuaer.  Proc.  N.  Y.  Path,  Soc.  vii,  1907. 
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in  almost  all  respects  corresponded  to  Gilchrist's  cultures.  Animal 
inoculation  in  rabbits  and  guinea-pigs  proved  positive  in  this  case  and 
the  organism  seemed  to  show  selective  action  for  the  lungs  and  spleen. 
In  the  lungs  of  the  animals,  especially,  lesions  were  found  with  surpris- 
ing regularity  even  when  the  inoculation  was  made  intrapcritoneally. 

Cases  of  blttstomycotic  infection  in  man  have  been  reporte<l  in  large 
numbera  ant!  appear  to  be  leSs  rare  than  they  were  formerly  believed  to 
be.  The  clinical  course  of  the  disease  is  by  no  means  uniform.  A  well- 
defined  clinical  picture  seems  to  characterize  the  cases  of  blastomycotic 
dermatitis  first  described  by  Gilchrist.  The  eruption  is  very  chronic 
and  begins  usually  as  a  small  pimple  or  papule  with  moderate  induration 
of  the  skin.  Scabs  and  pustules  then  form,  which  discharge  yellowish- 
white  pus.  As  the  lesion  slowly  spreads,  the  older  areas  show  a  tendency 
to  spontaneous  healing.  In  Gilchrist's '  case,  it  took  four  years  for  the 
lesion  to  spread  two  inches.  When  not  purely  cutaneous,  blastomycotic 
infection  takes  the  form  of  chronic  abscess  formation  occurring  in  various 
parts  of  the  body.  In  the  latter,  metastatic  lesions  in  the  lungs  have 
been  occasionally  observed,  and  in  one  case  cited  by  Ophiils,'  the  lung 
seemed  to  have  been  the  primary  focus. 

The  fact  that  biaetomycetes  have  frequently  been  found  in  tumor 
tissue  has  led  several  Italian  observers^  to  assume  an  etiologies 
relationship  between  these  microorganisms  and  malignant  growths. 
Absolutely  no  satisfactory  evi<lcnce  in  favor  of  such  a  belief  has 
been  advanced,  however,  and  the  yeasts  in  these  conditions  must  he 
regarded  as  purely  fortuitous  findings. 

In  animals,  diseases  caused  by  members  of  the  yeast  family  have 
been  reported  by  various  observers.  The  most  important  comnaunica- 
tion  of  this  kind  is  by  Tokishigc,*  who  found  these  microorganisms  in  a 
nodular  skin  disease  occurring  among  horses  in  Japan.  Sanfelice* 
has  isolated  similar  microorganisms  from  the  lymph  glands  of  a  horse 
which  was  apparently  suffering  from  a  primary  carcinoma  of  the  liver. 
The  same  author  has  described  a  member  of  this  group  which  heobtained 
from  a  cheesy  consolidation  occurring  in  the  lung  of  a  hog. 

Demonstration  of  the  organisms  offers  little  difficulty  either  in  fresh 
preparations  of  the  pus  under  a  cover-slip,  or  in  smears  stained  with 

<  Rixford  and  GiiiAritt,  Johiu  Hopkins  Hosp.  R«p.,  i,  1896. 
'  OfAiilt,  loc.  cit. 

*8an/diee.  Cent.  f.  Bakt.,  I,  Txxi,  1902. 
•  Tokiahige,  Cent.  f.  Bakt.,  I,  xix,  1896. 
.  '  SanfeliBe,  Cent.  f.  Bakt.  I,  xviij,  ISttS,  aiid  Zeitachr.  f.  Uyg.,  xxi,  I89fi. 
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thionin,  methylene-blue,  or  the  polychrome  stains.  In  fresh  prepara- 
tions the  addition  of  a  little  NaOH  in  weak  solution  facihtates  the 
search.  When  found,  the  organisms  are  easily  recognized  by  their  size, 
their  highlv  refractiv'e  doubly-contoured  cell-membrane,  their  vacuolated 
protoplasm,  and,  most  important,  by  the  discovery  of  budding  forms. 
In  tissue  sections  they  are  recognizable  by  the  ordinary  hematoxylin- 
eosin  technique,  but  may  be  better  demonstrated  by  the  Loeffler  methy- 
lene-blue method  in  use  for  bacterial  tiasue-staining.  Excellent  prep- 
arations are  obtained  by  staining  frozen  sections  with  thionin,  a  method 
well  adapted  for  the  demonstration  of  capsules. 

THp  cultivation  of  the  blastomyoetes  is  comparatively  easy  after 
they  have  onfc  been  obtained  in  pure  culture.  Their  isolation,  however, 
usually  is  difficult  when  they  occur  in  material  contaminated  with  bac- 
teria. Clrowing  mora  slowly  than  the  bacteria,  pulturea  taken  from  such 
contaminateil  material  usually  show  very  few  yeast  colonics.  No  special 
methods  of  facilitating  the  procedure  have  been  devised,  but  success 
will  often  attend  painstaking  and  oft-repeated  plating  of  the  mixed 
cultures  in  high  dilution.  The  most  favorable  medium  for  this  process  is 
glucose  agar.  When  once  obtained  in  pure  culture,  the  blastomycetes 
can  rea<lily  be  kept  alive  for  indefinite  periods  by  transplantation  re- 
peated evci^'  two  cr  three  months.  On  agar  or  glucose  agar,  colonics 
appear,  after  about  three  or  four  days  as  minute,  glistening,  white 
hemispherical  spots  which  are  not  unlike  colonies  of  staphylocorcus 
albus.  Planted  in  agar  stab  cultures,  the  microorganisms  indicate 
their  preference  for  a  well-oxygenated  environment  by  growing  but 
slightly  along  the  course  of  the  stab,  but  by  heaping  up  in  a  thick, 
creamy  layer  upon  the  surface  of  the  medium.  This  layer  in  old 
cultures  may  be  a  quarter  of  an  inch  high.  At  first  white,  the 
growth,  after  three*  or  four  weeks,  may  turn  distinctly  yellow  or  even 
brown.  In  broth,  the  microorganisms  form  a  stringy,  gelatinous,  and 
uneven  cloud.  On  Loeffler's  hlood-.temtn  media,  and  upon  gdatin, 
growth  is  easily  obtained.  The  gelatin  is  not  liquefied.  Sugar  media 
are  fermented  by  few  of  the  pathogenic  blastomycetes,  a  fact  which 
places  them  rather  in  distinct  contrast  with  the  fermentmg  yeasts  used 
in  the  industries. 

Great  and  fundamental  differences  seem  to  exist  between  the  patho- 
genic species  described  by  various  observers,  and  attempts  at  system- 
atizing the  various  members  of  the  group,  such  as  that  by  Rickets,' 

>  RickeU,  Jour.  Med.  Rei.,  6,1902. 
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have  met  with  almost  insurmountable  obstacles.  Some  of  the  fonns 
described,  like  that  of  Buase,  have  fermented  sugars  and  have  not 
formed  myi^elia,  while  organisms  like  that  of  Gilchrist  did  not  cause 
fermentation  in  carbohydrate  media,  but,  by  their  formation  of  my- 
celia  under  certain  conditions,  have  indicated  their  close  relationship 
or  possibly  their  identity  with  the  oidia,  transitional  forms  between 
the  yeasts  and  the  hyphomycetes.  It  is  thus,  in  the  light  of  our  pres- 
ent knowledge  of  these  microorgatusms,  quite  impossible  to  establish 
within  thb  group  a  distinct  classification  that  is  at  all  reliable. 

In  considering  the  possible  origin  of  blastomycotic  infection  in 
animak  and  man,  it  is,  of  course,  important  that  we  should  have  some 
knowledge  as  to  the  path<:%eniG  properties  of  the  yeast  met  with  and 
handlet)  in  daily  life.  Rabinowitsch,'  with  thb  in  view,  has  investig^ed 
the  pathogenic  properties  of  fifty  different  species  of  yeasta  obtained 
from  fruit,  manure,  dough,  and  other  sources,  and  among  them  found 
only  seven  varieties  that  had  any  pathogenicity  for  rabbits,  mice,  or 
guinea-pigs.  In  most  of  her  successful  inoculations,  however,  the 
disease  produced  in  the  animals  had  but  very  little  resemblance  to  the 
blastomycotic  conditions  observed  in  man. 

'  RabiaowiUdt,  Zeit.  f.  Hyg.,  zzi,  1885. 
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HYPHOMYCETES 
(Eumycetes,  Molds) 

The  hyphomycetes  or  molds  interest  the  bacteriologist  chiefly 
because  of  the  frequency  with  which  they  appear  as  contaminants 
(luring  bacterial  cultivation,  and  becau.se  they  play  the  role  of  incitants 
in  a  few  common  diseases  of  the  skin  and  mucous  nionibranes. 

Morphologically  they  are  entirely  distinct  from  and  much  more 
complex  than  the  bacteria.  To  the  yeasts  they  are  more  closely 
related,  the  gap  between  the  two  classes  being  bridged  by  certain 
forma  often  spoken  of  as  "oidia"  which,  though  usually  appearing  in 
the  budding  yeast-fonn,  may  occasionally  grow  out  in  mycelial  threads. 

The  characteristic  feature  of  the  hyphomycetes  as  a  class  is  the 
formation  of  long,  interlacing  iilamcnts  or  threads,  known  as  mycelia. 
From  these,  branches  come  off  which  are  spoken  of  as  "hyphie."  Each 
mycelial  thread  possesses  a  well-marked,  doubly-contoured  sheath  or 
cell-wall  and  a  finely  granular  protoplasmic  cell-body,  which,  in  some  of 
the  forms,  is  multinucleated. 

Two  main  classes  of  hyphomycetes  are  distinguished,  the  pkycomy- 
cetes,  and  the  so-called  higher  forms,  or  mycomycetes.  The  former  class 
is  characterized  by  the  fact  that  no  partitions  exist  within  the  mycelial 
threads  or  hyphse,  the  entire  meshwork  of  a  single  microorganism  con- 
sisting of  one  multinucleated  cell,  This  group,  furthermore,  possesses 
the  power  of  reproduction  by  both  a  sexual  and  an  asexual  process. 
The  second  class,  or  the  myeomycetes,  possess  a  mycelial  meshwork 
which  is  divided  into  numerous  partitions,  and  reproiluces  usually  by 
the  asexual  process  only. 

The  process  of  reproduction,  upon  the  basis  of  which  the  separation 
of  groups  within  this  class  is  determined,  is  best  illustrated  by  citing  a 
common  example  of  each  of  the  main  divisions. 

As  an  example  of  the  phycomycetes,  the  division  most  commonly 
met  with  upon  contaminated  gelatin  plates,  or  upon  exposed  and  moist 
organic  matter  of  any  description,  is  the  one  spoken  of  as  the  muco- 
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riTUB.  Most  forms  belonging  to  this  division  appear,  grossly,  as  a 
l^ht,  cotton-like  fluff,  spreading  in  a  thin  fur  over  the  surface  of  the 
culture  medium.  Examined  with  the  low  power  of  a  microscope,  there 
may  be  seen  a  complicated  network  of  fine  mycelial  threads,  which  show 
no  septa  and  from  which  delicate  hypkal  branches  arise.  In  the  forma- 
tion of  the  asexual  spore  organs  near  the  tip  of  each  hypha  a  septum 
appears.  The  tip  of  the  hypha  then  gradually  enlarges  and  furms  a 
spherical  capsule  which  is  known  as  the  sporangium.    The  unswollen' 


Pia.  145.— MucoR  mvcbdo.    SiDglc-c«lled  mycelium  with   three   hyphs  and 
one  developed  sporaDgium.    (After  Kny,  from  Tavel.) 


portion  of  the  hypha  which  projects  into  the  sporangium  is  spoken  of 
as  the  colutneUa.  Within  the  sporangium,  a  large  number  of  small, 
round  sporon  are  formed.  When  these  are  ripe,  the  wall  of  the  spor- 
angium burets  and  the  spores  escape.  Upon  suitable  media,  then,  new 
mycclia  develop  from  these  spores.  The  sexual  reproduction,  which  oc- 
curs in  this  group,  takes  place  in  the  following  way;  From  two  hypha, 
placed  in  close  apptntition,  )at<^ral  branches  grow  toward  each  other. 
These  are  spoken  of  aa  gametojthores.  The  tips  of  the  gamctopliores 
soon  come  in  contact  and,  for  a  time,  their  protoplasm  freely  inter- 
communicates. Septa  are  then  formed  which  cut  off  from  the  original 
hyphic  a  central  cell,  the  zygospore.    This  zygospore  gradually  enlwgcs 
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and,  under  favorable  conditions/sends  out  a  branch  which  terminates 
in  a  non-sexual  sporangium. 

Among  the  higher  molds,  or  mycomycetes,  various  methods  of 
sponitation  occur,  but  sexual  reproduction  does  not  usually  take  place. 

One  of  the  most  commonly  found  genera  is  that  of  PeniciUium.  In 
this  form  the  jnycelial  threads  are  partitioned  off,  by  many  transverse 
septa,  into  a  number  of  separate  cells.  From  these,  hyphse,  also  sep- 
tate, are  given  off.  From  the  ends  of  these  hyphte,  germinating 
branches  arise  which  are  known  as  conidiophores.  These  conidiophores 
divide  into  two  or  three  septate  branches,  the  sterigmata.     From  the 


Fia.  146. — ^Mpcob  mfcedo.  1.  Sporangium,  e.  columella,  m.  aporangium 
capsule,  ip.  spores.  2.  Columella,  after  bursting  of  sporangium.  3.  Poorly  de- 
veloped sporangia.  4.  Oerminating  spore.  S.  Emptying  of  sporangium.  (After 
Brefeld.) 

ends  of  these,  other  sterigmata  may  be  given  off  and  from  the  tip  of 
each  of  these  a  single  chain  of  spores  or  conidia  are  constricted  off. 
The  result  is  an  appearance  not  unlike  a  hand  in  which  the  wrist 
represents  the  conidiophorc;  the  metacarpal  bones,  the  sterigmata;  and 
the  fingers,  the  long  streptococcus-like  chains  of  conidia. 

Similar  to  and  even  more  common  than  the  penlcillia  are  the  varieties 
known  as  AapergiUua.  These  forms,  like  the  preceding,  form  delicate 
mycelial  meshworks  from  which  branches  or  conidiophores  about  3-10 
mm.  in  length,  arise.  These  develop  club-shaped  expansions  at  their  free 
ends  and  from  these  club-shaped  expansions  radially  arranged  sleiig- 
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mala  arise.     On  the  ends  of  these  stengmata  spores  or  conidia  aevelop 
similar  to  those  developed  by  penicillium 

Other  forms  of  spondation  occur  withm  this  group.  Thus,  tubular 
spore  capsules  may  be  formed  nithin  the  end  segments  of  the  hyphie, 
known  as  ascosporea.  In  other  cases,  within  a  mycelial  thread,  a 
swelling  may  take  place  into  which  protoplasm  flows  from  the  neighbor- 
ing cells,  at  both  ends.     In  this  way,  an  oval  spore  case  is  deveiopeil 


Fid.  147. — Mmiik  uii<-KiKt.  Formation  of  zygospore.  1.  Two  branches  vot^ 
lescing,  2  and  3.  Prucem  of  coiijui^I.iun.  4.  Kipe  I'.ygospore.  5.  CemiinstHMi 
of  zygospore.  6  a.n:i  7.  Muror  errrtuB.  Azygfi  Nponilatiria.  No  two  hraiiches 
mpct,  lull  fonii  RjKiivR  without  conjugation .  S  and  9.  Miunr  tmuis.  Acygu 
H|>orulation.  The  sporeii  k">w  out  from  Hidn  branches  without  sexual  union,  (1—5 
after  Brcfeld;  G-ll  after  Bainier,  from  Tavel.) 


within  the  course  of  the  mycelial  thread.  This  is  known  as  a  dUamif- 
dospore.  The  segments  on  each  side  of  the  chlamydospore  die  out 
and  the  spore  capsule  is  liberated  from  the  mysclium. 

The  classification  of  the  various  divisions  of  the  hyphomycetea  is  a 
problem  requiring  much  study  and  great  botanical  insight,  and  can 
hardly  be  discussed  in  a  general  work  on  bscteriolog>'. 

Upon  artificial  media,  the  members  of  this  group  ara  not  at  all 
fastidious,  growing  easily  upon  organic  matter  of  all  kinds,  provided 
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moisture  is  present.  In  laboratories  they  are  frequently  found  as  con- 
taminants, and  in  order  to  procure  them  for  purposes  of  study  it  is  only 
necessary  to  expose  agar  or  gelatin  plates  m  a  dusty,  dark  comer.  In 
households  they  are  frequently  found  growing  in  store-rooms  upon  stale 
bread,  shoes,  leather  trunks,  and  on  remnants  of  food.  Most  of  them 
pt^er  an  acid  environment  and  are  dependent  upon  a  free  supply  of 
oxygen.  At  room  temperature  they  grow  more  readily  than  at  the 
usual  incubator  temperature. 

DISEASES  CAUSED  BT  H7PH0U7CETES 

n^Tluit  Tersicolor  (Microaporon  fuiiuT). — Pityriasis  is  a  disease 
of  the  skin  observed  chiefly  among  persons  living  under  conditions  of 
uncleanliness,  or  among  those  who  combine  these  conditions  with  a 
tendency  to  profuse  perspiration.  It  begins 
as  &  small,  light  brown  or  yellowish  patch 
upon  the  skin  of  the  abdomen,  breast,  or 
back,  is  flat  and  barely  raised  from  the  cuta- 
neous surface.  It  spreads  and  coalesces  with 
similar  spots  until  the  entire  area  resembles 
strongly  the  figures  of  a  map  with  irregular  , 
continents  and  islands.  The  disease  does  ^ 
not  penetrate  into  the  skin  itself,  but  consists, 
as  Plant  has  pointed  out,  of  a  simple  sapro- 
phytism  of  the  inciting  agent  upon  the  skin. 

The  condition  is  caasfd  by  a  member  of 
the  group  of  Hyphomycetos,  <liscovered  in 
1846  by  Hchstedt,  and  later  named  Micro- 
sporon  furfur.  The  microorganism  consists 
of  a  dense  meshwork  of  mycelial  threads, 
from  which  septate  hyphie  arise  in  large  -pm.  148.— MncoB  ramo- 
numbers.  From  the  ends  of  these,  spores  bob.  Ripe  aporangia  on 
arise  in  rows,  after  the  manner  depicted  for  columelto.  (After  Lindt.) 
peniciUium  (Fig,  149).  The  hyphie,  accord- 
ing to  Unna,'  show  a  characteristic  bending  at  right  angles,  due  to 
a  slight  flattening  of  their  diameters.  Characteristic  of  the  micro- 
sporon  proper,  in  preparations  made  from  cutaneous  scrapings,  are 
the  fragments  of  bent  hyphse  and  the  large  numbers  of  free  spores. 

'  l/nna,  "Histopatbd.  of  Skin,"  trsnst.,  N.  Y.,  Macmilltui,  1896. 
«l 
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Cultivation  of  Microeporon  furfur  has  been  successfully  carried 
out  by  many  observers.*  Growth  is  particularly  characteristic  upon 
potato,  white  or  yellowish-white  colonies  appearing  within  four  or  five 
days  and  rapidly  spreading  over  the  entire  surface  of  the  potato. 

Thnuh  (Soar  or  Muffud;  Oidium  aUricana). — Thrush  is  a  localiied 
disease  of  the  mouth  occurring  most  frequently  in  children  suffering 
from  malnutrition  or  it  occurs,  under  con- 
ditions of  uncleanliness,  upon  an  area  vi 
catarrhal  inflammation  of  the  mucous  mem- 
brane. 

The  microorganism  which  causes  the 
condition  was  first  described  by  Langenbeck 
in  1839,  and  has,  since  then,  been  studied 
by  many  ol)sprvers.  It  was  siicc^'ssfuUy 
cultivate<l  by  Grawita*  in  1886  and  recog- 
nized by  him  as  belonging  tw  the  hypbo- 
mycet€s.  The  most  careful  cultural  studies 
which  have  been  made  upon  the  OSdium 
albicans  are  those  of  Linossier  and  Roux.' 

Morphologically,  the  oidium  consists  of 
budding  cells,  resembling  those  of  yeast, 
which,  under  certain  conditions,  can  pro- 
duce mycelia  and  hyphie  from  which 
spores  are  developed.  Two  main  varietiea 
are  doscribwl,  that  which  produces  large 
spores  and  liquefies  gelatin  in  culture,  and 
that  which  gives  rise  to  smaller  spores  and 
fails  to  liquefy  gelatin.  In  many  cases  only 
the  yeast-like  budding  cells  can  be  found; 
— branchinR  into  two  conidio-  these,  however,  when  subjected  to  unfavo^ 
pho«>9.  from  which  ^  B'ven  ^^le  cultural  conditions,  may  bo  induced  to 
send  out  hyphfe  and  form  spores.  like 
(After  yeasts,  but  to  a  lesser  degree,  the  Oidium 
albicans  causes  fermentation  in  sugars.  U 
develops  best  under  slightly  acid  conditiODs 
and  in  the  presence  of  free  oxygen,  upon  gelatin  and  agar. 

Tropical  Spme. — Spnie  is  a  disease  common  in  the  West  Indies, 


149. — Peniciuj  um 
.  A.  Showing  septate 
mycelia.    B.  End  of  a  hypha 


off  the  sU'ripnata. 

ends  of  these  are  developed 

the  round    conidia. 

Zopf.) 


'  Koljiir,  Ref.  BaiimRarten's  Jahreshericht,  I 

'GraJril!,  Virch.  Arrh.,  ISSil. 

•  Lijiosaifr  et  Roux.  Comiilea  rend,  de  Tacad. 


>  Gooj^lc 


HYPH0MYCETE8 


641 


Asin,  and  the  South  Sea  Islands.  It  is  characterized  by  recurrent  at- 
tacks of  diarrhea,  which  are  accompanied  in  many  ca»es  by  a  charac- 
teristic inflammation  of  the  tonpue.  It  runs  a  prolonged  course,  but 
is  frequently  fatal.  Asbford '  has  isolated  from  the  tongue  and  from 
the  BtooU  of  200  patients  an  organism  which  he  calls  Monilia.  It 
occnrs  at  first  as  a  round  yeast-like  body,  which  soon  has  a  tendency 
to  form  myeelia.  It  reproduces  both  by  side  buds  and  by  terminal 
conidia.  It  is  isolated  on  Saboureaud's  4  per  cent  glucose  agar  with  a 
reaction  of  -}-  2  pet  cent.  , 


Fia.  ISO— AspEROtLLus  oladcus.        m.  Mycelial  threads.        >.  Sterigmato. 
r.  Awxnpore.    p.  Germinating  conidium.    A.  Asous.     (Alter  de  Bary.) 


On  this  medium  it  forms  clean-cut,  round,  hemispherical,  creamy- 
white,  refractive  colonies.  In  gelatin  stabs  it  grows  along  the  line  of 
puncture  with  tine  hair-like  lateral  shoots.  It  does  not  li<(uefy  gelatin. 
It  turns  milk  alkaline  and  does  not  coagulate  it.  It  produces  aeid  and 
gas  on  glucose,  maltose,  levulose,  saccharose,  and  galactose,  but  does 
not  ferment  other  sugar  inedin.  On  passage  through  laboratory  ani- 
mals (rabbits,  guinea-pigs)  it  produces  a  systemic  mycosis  and  grad- 
ually increases  in  virulence.  With  these,  passage  strains,  stomatitis, 
and  diarrhea  may  be  produced  by  feeding.  Diarrhea  was  also  pro- 
duced in  a  monkey  by  feeding.    The  organism  loses  its  virulence  on 


>  AOford,  Am.  Jour,  of  Med.  So.,  1915,  cl,  p.  680. 
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prolonged    cultivation.      The    etiological    relationship    of    AshfordB 
Afonilia  to  Sprue  is  not  as  yet  generally  accepted. 

Faros  (Achorion  Schoenleimi) . — Favus  is  a  disease  attacking  chiefly 
the  hairy  portions  of  the  body  of  man  and  some  domestic  animals. 
In  man,  it  is  found  most  frequently  in  nndemourisbed  children  upon 
the  scalp.    It  is  a  disease  of  extremely  chronic  course  and  is  very  re- 
sistant to  treatment.    Beginning  as  a  small  erythematous  spot,  it  soon 
develops  into  small  sulphur-yellow  cupped  crusts,  which  are  placed 
usually  about  the  base  of  a  hair.    These  may  spread  and  coalesce.    The 
small  indented  crust  is  spoken  of  as  a  scutulum.    When  such  a  scu- 
tulum  is  removed  and  examined  under  a  microscope,  teased  out  io  a 
few  drops  of  strong  sodium  hydrate  solution  {20  per  cent),  the  incitant 
of   the    disease    may   he   easily 
recognized  and  studied.  In  suyh 
a  preparation  the  center  of  the 
scutulum  is  found  to  be  made 
up  chiefly  of  small  doubly-con- 
toured spores,  which  are  irregu- 
larly oval  or  round,  and  may  be 
arranged  in  chains,  lying  scat- 
tered among  an  extremely  dense 

.-    J     /.f.     rj..        >  meshworkof  fine   mvcelial 

unstaiDed.     (.'Vfter  Zcttnow.)  : 

threads.  Toward  the  periphery 
of  the  scutulum,  the  spores  are  loss  numerous  and  the  looser  arrange- 
ment of  the  mcshwork  permits  us  to  distinguish  distinct  filaments  of 
myceiia  which  give  off  hyphm,  the  ends  of  which  are  often  swollen 
into  small  knobs.  The  interior  of  the  scutulum  usually  contains  a 
pure  culture  of  the  fungus. 

Many  varieties  of  achorion  have  been  dracribod,  but  Plant '  believra 
that,  at  the  pres<?nt  time,  it  is  not  pcissible  to  separate  these  from  one 
another,  owing  to  the  fact  that  selective  cultivation  has  succeeded  m 
altering  many  of  the  characteristics  displayed  by  many  of  the  strains. 
The  same  observer  recommends  the  following  method  for  obtaining 
pure  cultures  of  this  microorganism.  As  much  of  the  material  as 
can  be  conveniently  obtained  is  gently  rubbed  up' in  u  sterile  mortar 
with  fine  sand  or  Infusorial  earth.  The  triturated  material  is  then 
inoculated  into  fluid  agar  and  plates  are  poured. 

Ordinary  streaked  plates  upon  agar  may  also  be  used  with  succes 
with  material  directly  from  the  centers  of  scutula. 

^PUiut,  in  Kolle  und  Wassprroann'e  "Handbuch,"  I, 
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The  aehorion  grows  best  upon  aeiil  agar  at  a  temperatore  nf 
37.5"  v.  (I'niwtK  appears  within  from  forty -eight  houi-s  to  three  days 
as  yeMowish  disks,  which  occasionally  may  be  sliglitly  furred  with 
aerial  hyphie. 

RlBgworm  {Trichophyton  tonsurans). — Ringworm,  Tinea  cireinata, 
or  Herpes  tonsurans,  is  a  contagious  disease  of  the  skin  and  hair,  occur- 
ring most  frequently  in  children  and  appearing  upon  the  haired  por- 
tions of  the  body  as  well  as  upon  free  skin.  It  is  characterized  by  the 
formation  of  circular  scaly  patches,  within  which  the  hairs  fall  out. 

The  disease  is  caused  by  several  species  of  the  trichophyton,  a  genus 
of  hyphomycetes.     These  microorganisms  were  first  recognized  as  in- 
citants  of  the  disease  by  Gruby '  in  1841,  and  were  studied  later  by 
Sabouraud.^     The  fungi  consist  of  finely  interlaced  narrow  septate 
mycelia,     within     which     characteristic 
swellings   appear.      From    these   swell- 
ings, chlamydosporfts  develop.     Hyphtp, 
both  aerial  and  deep,  grow  out  of  the 
mycelial  threads,  on  the  ends  of  which 
ascospores   may   develop.      In   the   dis- 
eased skin,  the  fungi  grow  within  the 
hair  sheath,  causing  an  area  of  second- 
ary inflammation  about  the  base  of  the 
hair.      The    infection    probably    begins 
first  in  the  epidermis  surrounding  the 
hairs,  from  which  it  then  spreads  into 

the  hair  bulb  and  thence  grows  up  Into     ^"-   152.— Achorion  Schokn- 
the    substance    of    the    hair    in    which  J^^'n.^  Section  of  fav.«  crust. 

,.   ,      ,  ,  ,  ,  ,  Stained     by     Gram.      (After 

myt-eiial  threads  and  spores  dcveloji  in  Fraenkel  and  Heiffer.) 

large  numbers.     The  demonstration  of 

the  microorganisms  from  a  case  can  easily  be  aeeomplished  by  epilating 
an  affected  hair,  making  sure  that  the  hair  bulb  has  been  removed. 
This  is  then  immersed  under  a  cover-slip  in  a  drop  of  sodium  hydrate 
or  potassium  hydrate  solution  and  examined  under  the  microscope.  In 
this  way  enormous  numbers  of  short  mycelial  threads  and  spores  may 
be  seen  to  lie  within  the  bulb.  Many  varieties  of  these  fungi  have 
been  described  fron;  different  cases.  Their  interrelationship  is  not 
entirely  clear.  In  general,  a  division  is  made  between  those  which 
develop  large  spores  and  a  more  common  small-spored  variety. 
'  Gruby,  Comptes  r^nd.  de  Taeftd.  des  Hci.,  13,  1841, 
*SabauraTid,  Ann.  de  dermat.  et  de  syph.,  3,  1S92,  and  i,  1893. 
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Cultivation  is  comparatively  simple  and  is  best  carried  out  upon 
acid  glucose  agar  or  gelatin.  Upon  such  media,  within  five  or  six  days, 
mycelial  threads,  which  are  septate  and  form  cblamydospores,  may  be 
observed.  Pigment,  reddish  or  brown,  is  occasionally  noted.  Cielatin 
is  liquefied.  The  disease  may  be  produced  with  such  cultures  upon 
guinearpigs.  In  man,  the  disease  is  usually  acquired  by  infection  from 
patient  to  patient. 

Other  DlB0u»a  In  wbloh  HyphomyceteB  have  twen  Found. — A 
number  of  cases  have  been  described  in  which  members  of  this  group 
have  been  found  at  autopsy  in  the  lungs  of  persons  dying  of  bronchO' 
pneiunonia.'  In  most  of  these  cases,  the  fungus  found  belonged  to  the 
aspergillus  group  and  was  regarded  as  a  merely  secondary  invader. 
A  few  cases,  however,  have  been  reported  in  which  the  fungus  was  re- 
garded as^the  primary  cause  of  the  disease.  A  single  case  is  on  record, 
in  which  an  intestinal  infection  with  a  member  of  the  genus  mucor 
resulted  in  a  generalized  infection  with  pulmoifiuy  and  secondao' 
cerebral  abscesses.  In  birds,  a  disease  of  the  lungs  has  long  been 
known  to  be  due  to  various  species  of  aspergillus.  In  many  domestic 
animals,  diseases  of  the  skin  and  hair  occur  which  are  caused  by  micro- 
organisms similar  to,  or  identical  with,  those  occurring  in  man. 

SPOROTRICHOSIS 

Parasites  closely  allied  to  the  blastomyces  are  the  sporotrices  which 
were  first  described  by  Schenck  *  in  tliis  country  and  have  be«n  very 
thoroughly  studied  by  De  Beurmanu  and  Gougerot.  The  parasites 
belong  to  the  Fungi  imperfecti.  They  occur  in  lesions  as  oval  or  cigar- 
shaped  spores  (conidia)  and  grow  in  culture  as  branching  septate 
mycelium  with  clusters  of  oval  or  spherical  conidia  about  the  ends  of 
the  hyphse.  According  to  some  observers  the  conidia  are  attached 
to  the  mycelium  by  short  pedicles.  The  conidia  also  occur  along  the 
Mdes  of  the  hyphse  and  are  often  grouped  in  whorls  about  the  threads. 
Cblamydospores  are  also  found  in  some  cultures.  The  organisms  are 
obligate  aerobes  and  grow  on  all  ordinary  culture  media,  but  better  on 
those  containing  carbohydrates  and  of  slightly  acid  reaction.  The 
growth  forms  a  thick,  leathery,  white  coating  on  the  surface  of  the 
medium  which  in  older  cultures  becomes  coffee-colored,  and  in  aocoe 
instances  black. 

'SHeker.  Nothnagel,  "Spes,  Path.  u.  Ther,,"  14,  1900. 
*Sd>endc,  Johns  Hopkins  lioep.  BuU.,  1808,  280. 
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De  Beurmann  and  Gougerot '  have  described  a  number  of  species 
of  sporotrices  which  are  differentiated  by  variatione  in  pigment  pro- 
duction, in  optimum  temperature,  and  in  profusion  and  morphology  of 
the  conidia  in  culture.  Other  observers  believe  all  these  organisms 
belong  to  the  same  species.  The  diagnosis  may  be  made  in  some  cases 
by  finding  conidia  in  the  softened  matorial  from  the  lesions.  These  are 
best  demonstrated  by  Gram's  stain.  In  other  cases  it  is  necessary  to 
resort  to  cultural  methods,  as  the  conidia  can  not  always  be  fomid  on 
direct  examination. 

Only  a  few  cases  of  the  disease  have  been  reported  in  this  country,  but 
it  is  apparently  common  in  France  and  has  been  reported  in  nearly 
every  quarter  of  the  globe.  The  lesions  are  usually  subcutaneous,  but 
visceral  forms  have  been  described.  Numerous  types  of  lesions  are 
found.  The  conmionest  forms  are  disseminated  nodules  which  re- 
semble gummata.  In  other  cases  there  are  scattered  subcutaneous 
abscesses  which  are  usually  associated  with  lymphan^tis.  There  is  also  a 
papulo-vesicular  form  which  usually  leads  to  ulceration.  The  lesions 
are  chronic  in  character andsimulate  the  lesions  of  syphilis  or  tuberculosis, 
for  which  conditions  many  cases  of  sporotrichosis  have  probably  been 
mistaken.  Nodular  lesions  have  also  been  found  in  the  bones,  in 
lymph  nodes,  and  in  the  lungs  and  kidney.  The  lesions  con^stof  foci, 
of  chronic  granulation,  the  tissue  containing  numerous  giant  cells, 
which  later  undergo  separation.  There  is  as  a  rule  little  systemic 
disturbance  associated  with  the  disease.  The  lesions  often  heal  spon- 
taneously, leaving  dense  scars,  but  clear  up  very  rapidly  under  iodide 
therapy. 

The  most  susceptible  laboratory  animals  are  mice  and  rats  which 
show  lesions  resembling  those  in  man  associated  with  marked  cachexia, 
though  the  disease  is  seldom  fatal.  The  disease  has  also  been  produced  • 
in  rabbite,  guinea-pigs,  and  dogs,  though  these  animals  are  not  sus- 
ceptible to  all  strains.  In  making  cultures  De  Beurmann  and  Gougerot 
recommend  the  use  of  Sabourand's  glucose  pepton  agar  (water,  1,000  e.c. ; 
pepton,  10  gm.;  glucose,  40  gm.;  agar,  18  gm.;  not  neutralized).  Taylor' 
recommends  glycerin  agar  with  the  addition  of  dextrose  and  1  per  cent 
acetic  or  citric  acid  as  the  most  favorable  medium  for  these  oi^anisms. 
Tubes  should  be  inoculated  with  lai^e  amounts  of  pus  (1  c.c.  if  pos- 
sible), and  should  be  incubated  for  several  days  at  rocon  temperature. 

I  De  Beurmann  et  Gougerot,  "Traits  df»  Simrotrichoecs,"  F^tix  Alcan,  Paria,  1912. 
•Taifiar,  Joui.  A.  M.  A.,  1013,  b(,  1142. 
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EXANTHEMATA  AND  DISEASES  CAUSED 
BY  FILTRABLE  VIRUS 


CHAPTER  XLVH 


(Hydrophobia,  Rage,  Lyssa,  HundawiUh) 

Rabies  is  primarily  a  disease  of  animais,  infectious  for  practically 
all  the  mammalia,  but  most  prevalent  among  camivora,  dogs,  cats,  and 
wolves.  It  is  said  also  to  occur  spontaneously  among  skunks  of  the 
Southwestern  United  States,  and  is  readily  inoiiulable  upon  guinea-pigs, 
.  rabbits,  mice,  rats,  and  certain  birds,  chicken  and  geese  being  especially 
suaceptible.  Man  is  subject  to  the  disease.  Infection  usually  oecure  as 
a  consequence  of  the  saliva  of  rabid  animals  gaining  entrance  to  wounds 
from  bites  or  scratches.  The  disease  is  prevalent  to  an  alarming  extent 
in  all  civilized  countries  except  England,  where  the  careful  superviaon  of 
dogs,  enforcement  of  muzzlii^  laws,  and  rigid  legislation  regarding  the 
importation  of  d<^,  have  caused  a  practical  eradication  of  the  disease 
in  that  country,  A  fair  estimate  of  the  prevalence  of  the  disease  may 
•  be  obtained  from  the  statistics  of  animals  dying  or  killed  l>ecausc  of 
rabies  in  different  countries.  In  Germany,  according  to  KoUe  and 
Hetsch,  during  the  15  years  ending  in  1901,  there  were  d,06d  dogs,  1 ,664 
cattle,  191  sheep,  110  horscH,  175  hogs,  79  cats,  16  goats,  1  mule,  and  1 
fox  affected  with  rabies.  In  eastern  United  States  the  disease  is  not  un- 
common. The  statistics  of  the  New  York  Department  of  Health,  for  a 
period  of  six  months  ending  Dec.  31,  1907,  show  74  cases  of  rabies  among 
dogs  in  New  York  City  and  vicinity.  Among  human  beings  the  disease 
is  no  longer  common  in  civilized  countries,  since  early  preventive  treats 
ment  is  successfully  applied  in  almost  all  infected  suljjects. 

Experimental  infection  in  susceptible  animtUs  is  ixst  carriwl  out  by 
injections  of  a  salt-uolution  emulsion  of  the  brwn  or  spinal  cord  of  an 
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afflicted  animal,  subdurally,  through  a  trephined  opening  in  the  skull, 
but  may  also  be  accompliehcd  by  injection  into  the  peripheral  nerves, 
the  spinal  canal,  or  the  anterior  chamber  of  the  eye.  Intravenous  and 
intramuscular  injections  arc  also  successful,  though  less  regularly  so. 

The  time  of  incubation  aft<T  inoculation  varies  with  the  nature  of  the 
virus  used,  the  location  of  the  injection,  and  the  quantity  injected.  In 
accidental  infections  of  man  and  animals  the  incubation  is  shortest  and 
the  disease  most  severe  when  the  wounds  are  about  the  head,  neck,  and 
upper  extremities  and  are  deeply  lacerated.  This  is  explained  by  the 
fact  that  the  poison  in  conveyed  to  the  central  nervous  system  chiefly 
by  the  path  of  the  nerve  trunks.  This  has  been  experimentally  shown 
by  di  Vestea  and  Zagari '  who  inoculated  animals  by  injection  into 
peripheral  nerves,  and  showed  that  the  nerve  tissue  near  the  point  of 
inoculation  becomes  infectious  more  quickly  than  the  parts  higher  up; 
thus  the  lumbar  cord  of  an  animal  inoculated  in  the  sciatic  nerve  is  in- 
fectious several  days  before  virus  can  be  demonstrated  in  the  medulla. 

In  man,  infected  with  "street  virus,"  that  is,  with  the  virus  of  a  dog 
or  other  anunal  not  o\  peri  men  tally  inocrulatcd,  the  incubation  perio<l 
varies  from  about  forty  to  sixty  days.  Isolated  cases  have  been  reported 
in  which  this  period  was  prolonged  for  several  months  beyond  thw. 

The  virulence  of  rabic  virus  may  be  markedly  increased  or  diminished 
by  a  number  of  methods.  Hy  rrpeatctl  passage  of  the  virus  through 
rabbits,  Pasteur '  was  able  to  increase  its  virulence  to  a  mor»;  or  less 
constant  maximum.  Such  virus  which  had  been  brought  to  the 
highest  obtainable  virulence,  he  designated  as  "virus  fixe."  Inocu- 
lation of  rabbits,  dogs,  guinea-pigs,  rats,  and  mice  with  such  virus 
usually  results  in  symptoms  within  six  to  eight  days.  The  same  animals 
inoculated  with  stniet  virus  may  remain  apparently  healthy  for  two  to 
'three  weeks. 

In  dogs  and  guinea-pigs  inuculation  usually  results  first  in  a  stage 
of  increased  excitability,  restlessness,  and  sometimes  vicioiisness.  This 
is  followed  by  deprcs.sion,  torpor,  loss  of  appetite,  inability  to  swallow, 
and  finally  paralysis.  In  rabbits  the  disease  usually  takes  the  form  of 
what  is  known  as  "dumb  rabies,"  the  animals  gradually  growing  more 
somnolent  and  weak,  with  tremors  and  gradual  paralysis  beginning  in 
the  hind  legs. 

In  experimentally  infected  binls  the  disease  is  slow  in  appearing  and 

■  di  Vealfa  mui  Zagari,  Ann.  lic  I'inHt.  Pantcur,  Jii, 

'P(isleur-x v/ork  on  rallies.  Compt.  rend,  dc  I'acad.  ilossciences,  188],  1882, 1884, 
1885,  1886,  and  Anu.  tic  I'itifit.  Paateuz,  1887  und  18SS. 
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may  show  a  course  of  gradually  iucreasing  weakness  and  progressive 
paralyds  ectending  over  a  period  of  two  weeke  after  the  appearance  of 
the  first  symptoms. 

In  man,  the  disease  b^ins  usually  with  headaches  and  nervous  de- 
pression. This  is  followed  by  difficulty  in  swallowing  and  spasms  of  the 
respiratory  muscles.  These  symptoms  occur  intermittently,  the  free 
intervals  being  marked  by  attacks  of  terror  and  nervous  depression. 
Occasionally  there  are  maniacal  attacks  in  which  the  patient  raves  and 
completely  loses  self-control.  Finally,  paralysis  sets  in,  ending  event- 
ually in  death. 

Patholo^cal  examination  of  the  tissues  of  rabid  animals  and  human 
beings  reveals  macroscopically  nothing  but  ecchymosea  in  some  of 
the  mucous  and  serous  m^nbranes.  Microscopically,  however,  many 
abnormal  changes  have  been  observed  and  were  formerly  utilized  in 
histological  diagnosis  of  the  condition.  Babes '  has  described  a  disap- 
pearance of  the  chromatic  element  in  the  nerve  cells  of  the  spiaal  cord. 
This  observation  has  been  confirmed  by  others,'  but  is  no  longer  regarded 
as  pathognomonic  of  rabies.  The.  same  observer  has  described  a 
marked  leucocytic  infiltration  which  occurs  about  the  blood-vessels  of 
the  bnun  and  about  the  ganglia  of  the  sympathetic  system.  These 
changes  are  not  found  in  animals  infected  with  virus  Jux  and  are  present 
only  in  animals  and  human  beings  inoculated  with  street  virus. 

In  1903,  Negri*  of  Pavia  described  peculiar  structures  which  he 
observed  in  the  cells  of  the  central  nervous  system  of  rabid  dogs.  While 
present  in  all  parts  of  the  brain,  these  "  Negri  bodies"  are  most  regularly 
present  and  numerous  in  the  larger  celb  of  the  hippocampus  major  and 
in  the  Purkinje  cells  of  the  cerebellum.  The  presence  of  these  structures 
in  rabid  animals  and  man  has  been  confirmed  by  a  large  number  of 
workers  in  various  parts  of  the  world,  and  the  specific  association  of  these 
bodies  with  the  disease  is  now  beyond  doubt.  In  consequence,  the 
determination  of  "Negri  bodies"  in  the  brains  of  suspected  animals  has 
become  an  extremely  important  method  of  diagnosis — more  rapid  and 
accurate  than  the  methods  previously  known. 

The  demonstration  of  Negri  bodies  in  tissues  is  earned  out  as  follows: 
A  small  piece  of  tissue  is  taken  from  the  cerebellum  or  from  the  center 
of  the  hippocampus  major  (comu  ammonis),  and  is  fixed  for  twelve 
hours  in  Zenker's  fluid.    It  is  then  washed  thoroughly  in  water  and 

'  Babes,  Virch.  Arch.,  110,  and  Ann.  de  I'lMt.  Paateur,  6, 1892. 
'  Van  Gekuchten,  Bull,  de  I'acad.  de  mfd.  et  biol.,  1900. 
'  Negri,  Zeit.  f.  Hyg.,  xliii  and  xUv. 
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dehydrated  as  usual  in  graded  alcohols,  anbedded  in  paraffin,  and 
sectioned.  The  sections  are  beat  stained  by  the  method  of  Mann,  as 
follows: 

The  sections,  attached  to  alidee  in  the  usual  way,  are  inunersed  in  the  follow- 
ing solution  for  from  twelve  to  twenty-four  hours: 

Methylene-blue  (Gruebler  OO),  1  per  cent 35  c,c. 

Eosin  (Gru^ter  BA),  1  per  cent 35  c.c. 

Distilled  water 100  c.o. 

They  are  then  differentiated  in: 

Absolute  alcob<rf 30  c.c. 

Sodium  hydrate,  1  per  cent  in  absolute  alcohol 5  c.o. 

In  this  solution  blue  ia  f^ven  off  and  the  sections  become  red.  AftfT  about  five 
minutes  the  sections  are  removed  from  this  solution,  are  washed  in  absolute  alco- 
hol, and  are  placed  in  water  where  they  again  become  faintly  bluish.  It  is  erf'  ad- 
Vantage  to  immerae  them,  now,  in  water  slightly  acidified  with  acetic  acid.  Follow- 
ing this  they  are  dehydrated  with  absolute  alccJiol  and  cleared  in  xytol,  as  usual. 

In  preparations  made  in  this  way,  the  nerve  cells  are  stained  a  pale 
blue,  and  in  their  cytoplasm,  lying  either  close  to  the  nucleus  or  near  the 
root  of  the  axis-cylinder  process,  are  seen  small  oval  bodies  stained  a  deep 
pink.  The  bodies  are  variable  in  size^  measuring  from  1  to  27  micra  in 
diameter.  They  are  round  or  oval,  show  a  more  deeply  stained  periph- 
eral zone  which  has  been  interpreted  as  a  cell  membrane,  and,  in  their 
interior,  often  show  small  vacuole-like  bodies.  There  may  be  more  than 
one,  often  as  many  as  three  or  four,  in  a  single  cell._ 

The  rapid  demonstration  of  Negri  bodies  in  smears  of  brain  tissue 
has  recently  been  advocated  by  many  observers  and  has  been  extensively 
used  for  diagnosis.  It  is  carried  out,  accordii^  to  Van  Gieson,'  in  the 
following  way:  A  small  pin-head-sized  piece  of  brain  tissue  from  the 
regions  indicated  above,  is  placed  on  one  end  of  a  slide  under  a  cover- 
glass  and  the  cover  is  gently  squeezed  with  the  finger  until  the  tissue  is 
Battened  out  into  a  thin  layer.  The  glass  cover  is  then  gently  shifted 
across  the  slide  until  the  brain  tissue  is  smeared  along  the  entire  surface. 
These  smears  may  be  fixed  in  methyl  alcohol  and  stained  by  the  Giemsa 
method,  as  described  in  the  chapter  on  Spirochseta  pallida  (see  page 
51)2). 

Stained  in  this  way,  the  Negri  bodies  are  stained  light  blue,  in  con- 
trast to  the  darker  and  more  violet  cell-bodies. 

'  Van  GUtott,  Proc.  of  N.  Y.  Pathirf.  Soc.,  N.  S.,  iv,  190B. 
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The  smears  may  also  be  stoned  by  a  method  originated  by  Van 
Gieson,  which  gives  an  excellent  contrast  stain  and  reveals  more  clearly 
the  inner  structure  of  the  Negri  bodies.  Van  Gieson'a  stain  is  prepared 
as  follows: 

Distilled  water 10  o.c. 

Saturated  alcohoUc  solution  of  rosfmilin  violet 2  drops. 

.  Saturated  aqueous  Bolution  of  methyleue-blue  diluted  on&4ialf 

with  water 2  drops. 

This  method  has  been  modified  by  Williams  and  Lowden,'  who  add 
to  10  CO.  of  distilled  water  3  drops  of  saturated  alcoholic  basic  fuchsin 
and  2  c.c.  of  LoefHer'a  methylene-blue.  The  slides  are  fixed  in  methyl 
alcohol,  washed  in  wat^r,  and  covered  with  the  freshly  prepared  stain. 
The  slide  is  held  over  the  flame  until  the  solution  steams  and  is  then 
rinsed  in  water  and  dried.  The  Negri  bodies  a-ssume  a  brilliant  hue  and 
contain  in  their  interior  darkly  stained,  irregular  particles  which  have 
been  interpreted  as  chromatin  bodies.  As  to  the  nature  of  the  N^ri 
bodies  opinions  are  still  divided.  Their  constant  presence  in  rabic 
brain  tissue  is  unquestioned  and  theii  diagnostic  significance  weU 
established.  Cultivation  experiments,  however,  have  been  uniformly 
unsucces.sful,  A  number  of  observers,  Negri  himself,  Calkins,'  Williams 
and  Lowden,'  and  others,  believe  these  bodies  to  be  protozoa.  The 
last-named  authors  base  this  opinion  upon  the  definite  morphology  of 
the  bodies,  and  their  staining  proiHsrlies,  which  in  many  respects  are 
similar  to  those  of  protozoa.  These  olwervera  also  claim  that  the  mor- 
phology of  the  bodies  shows  a  number  of  regular  cyclic  changes  which 
are  found  accompanying  different  .'itages  of  the  disease;  these  changes 
correspond,  according  to  these  workers,  to  similar  cycles  occurring 
among  known  protozoa  of  the  su!>or<lers  of  the  class  Sporozoa,  Many 
pathologists  still  look  upon  them  as  specific  <legenerations  of  the  ner\'e 
cells  similar  to  the  changes  observed  by  Babes. 

It  is  not  possible  to  decide  alisolutcly  from  the  facts  at  present  at  our 
disposal  whether  or  not  the  Negri  bodies  should  be  regarded  as  paradtes 
or  as  specific  degeneration  products.  Their  constant  presence  in  rabic 
animals,  and  their  apparent  alisence  from  normal  brains  and  the  brains 
of  animals  dead  of  other  diseases,  would  tend  to  favor  the  parasitic 
view.  To  us  it  would  seem  that  added  to  this  the  clear  outlines,  apparent 
regularity  of  structure,  and  curiously  consistent  grouping  of  the  darkly 

'  Wiiliatiis  and  Loipdcn,  Jour.  Inf.  Dis.,  3,  1906. 

^Calkins,  Discusaion,  Proc.  N.  Y.  Pathol.  Soc.,  N.  S.,  vol  vi,  1806. 

'  Wmiami  and  Lomden,  loc.  cit. 
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staining  inclusions  would  add  weight  to  such  an  assumption.  We  have 
triturated  rabic  tissue  and  shaken  it  up  in  anti-formin  and  seen  many 
free  Negri  bodies  apparently  enucleated  from  the  cells  in  consequence. 
Such  complete  extrusion  from  the  cell  also  is  seen  in  the  ordinary  smear 
preparations.  It  is  at  least  unlikely  that  a  cell-degeneration  area  would 
be  expelled  from  the  cytoplasm  in  so  clearly  outlined  and  morphologically 
unaltered  a  form.  The  fact  that  the  virus  b  filtrable,  as  shown  by 
Remlinger,'  Poor  and  Steinhardt,^  and  others,  would  on  the  other  hand 
seem  to  contradict  the  etiological  importance  of  the  Negri  bodies  unless, 
with  some  of  the  observers  named,  we  assumed  them  to  represent  a 
large  stage  in  the  life-cycle  of  a  protozoan  parasite,  which  also  occurred 
in  smaller  forms.  It  is  a  curious  fact,  also,  that  Negri  bodies  are 
scarce  or  absent  in  the  spinal  cord  and  cerebrum,  though  these  areas  are 
as  virulent  or  more  so  than  the  hippocampus  and  cerebellum.  They 
are  small  and  hard  to  find  in  virus  fixe,  largest  and  most  plentiful  in  cases 
in  which  the  incubation  period  has  been  prolonged — as  with  street-virus 
infection.  Much  can  be  said  on  both  sides,  but  in  analyzing  the  present 
experimental  facts,  it  seems  fair  to  saythat  neither  point  of  view  is  cer- 
tain, though  the  parasitic  nature  of  the  Negri  bodies  seems  very  likely. 

The  cultivation  of  parasites  from  rabic  tissues  has  of  course  been 
attempted  by  most  bacteriologists  who  have  studied  the  disease  since 
Pasteur.  In  all  attempts,  until  very  recently,  either  no  result*  were 
obtained  or  else  the  parasites  described  could  be  shown  to  Ix;  pres- 
ent because  of  extraneous  contamination.  Recently  Noguchi  an- 
nounced that  he  has  been  able  to  cultivate  the  virus  Ijy  employing  a 
technique  similar  to  his  methods  of  cultivating  Treponema  pallidum  and 
jwliomyelitis  virus.  Into  high  tubes  filled  with  ascitic  fluid  a  bit  of  fresh 
sterile  rabbit  kidney  and  a  small  piece  of  rabic  virus  were  placed.  The 
ascitic  fluid  was  covered  with  sterile  oil  and  the  tubes  incubated  at 
37.5°  C,  After  five  days'  incubation  cloudiness  appeared  and,  with  it, 
minute  globoid  bodies  not  unlike  those  seen  in  poliomyelitis.  After 
several  generations  large  highly  refraetile  bodies  with  dark  central 
spots  appeared  in  the  cultures,  and  these  Noguchi'  regards  as  possibly 
the  parasites  and  similar  to  Negri  bodies.  Opinions  are  still  divided  as 
to  the  significance  of  Noguchi's  result's.  However,  whatever  may  bo 
one's  opinion  regarding  the  nature  of  the  peculiar  lK>dies  visible  in  his 
cultures,  he  has  accomplished  the  feat  of  preserving  the  virulence  of  the 

'  Bemtinger,  Ann.  ilc  I'iiist.  Past.,  Jtvii,  1903. 

'  Poor  and  SleinhaTiil,  Jour,  of  Inf.  Dis.,  xii,  1913. 

*Nogwki,  Jour.  Exp.  Med.,  xviii,  1913- 
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virus  through  21  generations  on  artificial  media,  a  fact  which  alone  would 
seem  to  prove  that  be  had  successfully  cultivated  it,  even  though  his 
"nucleated  bodies"  do  not  eventually  turn  out  to  be  anything  more 
than  cell  degenerations.  The  possibility  that  he  may  have  cu-ried 
ori^oal  virus  through  21  generations  and  that  it  has  renuuned  virulent 
for  about  100  days  at  37.5°  C.  can  not  be  excluded  as  yet,  but  aeans 
very  remote. 

The  Spftcifle  Therapy  of  Rabies. — The  treatment  which  is  now  pro- 
phylactically  applied  to  patients  infected  with  or  suspected  of  infection 
with  rabies  has  been  but  Uttle  altered  either  in  principle  or  in  technical 
detail  since  it  was  first  worked  out  by  Pasteur.  In  principle  it  con- 
sists of  an  active  immunization  with  virus,  attenuated  by  drying,  admin- 
istered during  the  long  incubation  period  in  doses  of  progressively 
increasing  virulence. 

By  the  repeated  passage  of  street  virus  through  rabbits,  Pasteur 
obtained  a  virus  of  maximum  and  approximately  constant  virulence 
which  he  designated  as  virus  fixe.  By  a  series  of  painstakii^  experi- 
ments he  then  ascertained  that  such  virus  fixe  could  be  gradually  at- 
tenuated by  drying  over  caustic  potash  at  a  temperature  of  about  25° 
C,  the  degree  of  attenuation  varying  directly  with  the  time  of  drying. 
Thus,  while  fresh  tnrus  fixe  regularly  caused  death  in  rabbits  after  six  to 
seven  days,  the  incubation  time  following  the  inoculation  of  dried  virus 
grew  longer  and  longer  as  the  time  of  drying  was  increased,  until  finally 
virus  dried  for  eight  days  was  no  longer  regularly  infectious  and  that 
dried  for  twelve  to  fourteen  days  had  completely  lost  its  virulence. 

The  method  of  active  immunization,  which  Pasteur  used,  consisted 
in  injecting,  subcutaneously,  virus  of  progressively  increasing  viru- 
lence, beginning  with  that  derived  from  cords  dried  for  thirteen  daj-s 
and  gradually  advancing  to  a  strong  virus.  Thus  the  patient  was  im- 
munized to  a  potent  virus  several  weeks  before  the  incubation  time  of 
his  own  infection  had  elapsed.  Pasteur  successfully  proved  the  efficacy 
of  his  method  ujxin  dogs  and  finally  upon  human  beings,  the  first 
human  case  being  that  of  a  nine-year-old  child — Joseph  Meister. 

Technique  of  Rabies  Therapy. — The  technique  developed  by 
Pasteur  is  still,  in  the  main,  followed  by  those  who  treat  rabies  to-day. 

I.  As  a  preliminary,  it  is  necesisary  to  prepare  or  obtain  virus  fixe. 

This  may  generally  be  procured  from  an  established  laboratory  or  may 

be  prepared  independently  by  passing  street  virus  through  a  series  of 

young  rabbits  (weighing  from  700  to  1,000  gms.).     According  to  Hogyes,* 

'  Bd^yu,  9U0t«d  from  Kcaua  and  Levaditi,  "Haodb.,"  etc.,  I, 
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the  [lassage  of  the  virus  through  twenty-one  to  thirty  rabbits,  in  this 
way,  will  reduce  its  incubation  time  to  seven  or  eight  days.  Babes 
claims  to  obtain  a  virus  fixe  more  rapidly  by  pas^ng  the  virus  alter- 
nately through  rabbits  and  guinea-pigs. 

For  purposes  of  inoculation,  virus  is  prepared  by  emul^ying  in 
sterile  salt  solution  pieces  of  the  medulla  or  cerebellum  of  animaU  dead  of 
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Rabbit  for  Pubposes 


a  previous  inoculation.  The  brain  tissue  which  is  not  emulsified  may  be 
preserved  under  sterile  glycerin  in  a  dark  and  cool  place  for  further  use, 

II,  Rabbits  are  inoculated  with  virus  fixe  by  intracranial  injection. 
A  small  incision  is  made  in  the  shaved  scalp  in  the  median  line,  and  the 
skin  is  retracted.  With  a  small  trephine  or  a  round  chisel,  an  opening 
is  made  in  the  skull  in  the  angle  between  the  coronary  and  sagittal  su- 
tures. Through  this  opening  about  0.2  to  0.3  c.c,  of  the  virus  fixe  is  in- 
jected, either  directly  into  the  brain  substance  or  simply  under  the  dura. 

As  soon  as  a  rabbit  so  inoculated  has  died  it  is  autopsied.  The 
animal  before  dissection  should  be  washed  in  a  disinfectant  solution 
— lysol  or  carbolic  acid.  The  skin  is  then  removed  and  the  animal, 
lying  on  its  ventral  surface,  is  fastened  to  a  dissecting  board.  The 
spinal  canal  is  then  laid  open  with  a  pair  of  curved  scissors  and 
the  spinal  cord  carefully  removed.  This  is  accomplished  by  cutting 
across  the  cord  in  the  lumbar  r^on,  and  lifting  this  with  a  forceps 
while  the  nerve  roots  are  divided  from  below  upward. 

The  cord  is  suspended  by  a  sterile  thread  within  a  large  bottle  into 
the  bottom  of  which  pieces  of  potassium  hydrate  have  been  placed. 
The  bottle  is  then  set  away  in  a  dark  room  or  closet,  the  temperature  of 
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which  is  regulated  so  as  to  vary  little  above  25°  C,  Bacteriological 
controls  as  to  the  sterility  of  the  cord  should  also  be  made.  . 

After  a  suitable  period  of  drying,  pieces  of  the  cord  are  prepared 
for  injection.  This  is  done  in  various  ways  at  different  laboratories. 
No  attempt  at  exact  dos^e  is  ma<lc.  At  the  New  York  Depart- 
ment of  Health  1  cm.  of  the  cord  is  emulsifie*!  in  3  c.c.  of  sterile 
eight-tenths  p(!r  cent  salt  solution,  the  dose  for  injection  being  usu- 
ally 2.5  c.c,  Marx '  emulsifies  1  cm.  of  the  cord  in  5  c.c.  of  cterilc 
bouillon  or  salt  solution,  using  1  to  3  c.c.  of  this  for  injection  according 
to  the  age  of  the  cord.  For  shipment  an  addition  of  20  per  cent  of 
glycerin  and  0.5  per  cent  of  carbolic  acid  is  made. 

The  scheme  of  treatment  is  also  sulijcct  to  variations  according  to 
the  individual  customs  of  various  laboratoricf.  The  following  schen.v 
is  the  routine  of  the  Pasteur  Institute  in  Paris,  iis  (pioted  in  Kraus 
and  Lcvftditi,  "llandbuch  fur  ImmunitjitsforBchung,"  Vol.  1,  p.  713. 
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'  Marz,  l»eut.  nuii.  Wiich.,  1899, 1900. 
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The  treatment  at  the  New  York  Department  of  Health  is  aa  follows  i' 
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The  severity  or  mildness  of  cases  is  estimated  from  the  depth  and 
degree  of  laceration  of  the  wounds,  also  from  their  location — bites  about 
the  face  and  upper  extremities  being  the  most  dangerous. 

During  the  course  of  such  treatment  patients  may  show  troublesome 
erythema  about  the  point  of  injection  and  occasionally  backache  and 
muscular  pains.  Treatment  need  not  be  omitttcd  unless  these  symp- 
toms become  excessive. 

The  efficiency  of  the  Pasteur  treatment  in  rabies  is  no  longer  prob- 
lematical. According  to  HSgyes,  50,000  people  have  been  treated  within 
ten  years,  with  an  average  mortality  of  1  per  cent. 


<  Peraooal  oommunkation  from  Dr.  Poor,  of  the  New  York  Department  of  Health. 


Digitized  by  Google 


656  DISEASES  CAUSED  BY  PILTRABLE  VIRU3 

Although  the  methotl  deacribed  above  is  the  one  which  ia  extensively 
used  in  all  established  institutes  for  the  treatment  of  rabies,  other 
methods  have  been  elaborated  and  used  to  a  sUght  extent.  One  of  the 
most  important  of  these  is  the  "dilution  method"  of  Hdgyes.  This 
method  b  carried  out  as  follows :  A  definite  quantity  of  the  spinal  coid 
of  a  rabbit  dead  of  virus  fixe  b  emubified  in  100  c.c.  of  normal  salt 
solution.  Dilutions  of  this  emulsion  are  made  and  the  patient  b  injected 
at  first  with  a  dilution  of  I  :  1 ,000,  subsequent  injections  being  made  of 
gradually  increasing  concentration  until  a  concentration  of  1  :  100  is 
reached.  This  method,  so  far  as  it  has  been  used,  has  been  satiBfactory, 
but  it  has  not  yet  found  extensive  application. 

Attempts  to  treat  active  rabies  with  the  aera  of  immunized  fmiinala 
have  so  far  been  unsucceaaful. 
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CHAPTER  XLVni 
SMALLPOX 

SuALLFOX  or  variola  is  one  of  the  most  virulent  of  infectious  diseases. 
Throughout  history  it  has  been  a  severe  scourge  of  mankind,  prevailing 
in  China  and  other  Easttjm  countries  many  centuries  before  Christ 
and  sweeping  through  medieval  Europe,  especially  at  the  time  of  the 
Crusades,  in  a  aeries  of  severe  epidemics.  All  races  of  men  arc  suscep- 
tible and  DO  age  froni  childhood  to  senility  is  exempt.  In  modem  times 
the  disease  is  cntlemic  in  most  uncivilised  countries,  especially  those  of 
the  East,  and  occurs  sporadically  in  all  parts  of  the  globe.  Owing  to 
rigid  enforcement  of  vaccination  and  of  quarantine  laws,  however,  the 
disease  has  been  practically  eradicated  from  civilized  countries. 

The  etiological  factor  which  causes  smallpox  is  still  unknown. 
Numerous  researches  aimed  at  the  discovery  of  cultivatable  microorgan- 
isms in  the  lesions  or  blood  of  infected  patients  have  met  with  uniform 
failure.  Streptococci,  though  often  found  in  the  smallpox  vesicles 
and  pustules,  and  often  undoubtedly  contributing  materially  to  the  fatal 
outcome  of  the  disease,  may  be  regarded  as  purely  secondary  in  signifi- 
cance. 

Communications  which  have  claimed  the  discovery  of  a  protozoan 
incitant  of  the  diseu.sc  havr,  on  the  other  hand,  been  numerous  imd,  in 
some  cases,  have  seemed  plausible.  Yet  absolute  proof  has  always  been 
lacking.  The  Uterature  on  this  question  is  extensive  and  some  of  the 
earlier  contributions,  such  as  those  of  Griinhagen,'  of  Van  der  Loeff,' 
and  of  PfeifTcr,*  possess  historical  interest  only.  The  work  which,  of  re- 
cent years,  has  attracted  the  must  serious  attention  to  this  subject  is 
that  published  by  (>uamiori*in  1S!)2.  Thisobserver  found,  in  the  dp<'[>er 
cells  of  the  epithelium  covering  the  pustules,  both  of  smallpox  lesions 
and  of  vaccination  lesions,  small  booties  which  were  easily  stained  by 
hematoxylin,  sufmnin,  or  cannin.     Similar  bodies  could  be  observed  in 

'  GriiTihagen,  Arch.  f.  Dermal,  u.  Syph.,  1892, 

'  Vnn  der  Loeff,  Monat.  f.  prakt.  Itermat.,  iv, 

»L.  P>:ffer,  Zeit.  f.  HyR..  xxiii. 

'<?warmeri,  Arch,  perlesc.  med.,  xxvi,  18B2;  Cent.  f.  Bakl.,  I,  xvi.  1894. 
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the  cells  of  corneal  lesions  experimentally  produced  in  rabbits.  Guar- 
nieri  claimed  that  he  distinguished  both  cytoplasm  and  nucleus  in  these 
bodies  and  described  both  binary  division  and  reproduction  by  sponi- 
lation  as  in  the  sporozoa.  He  named  the  supposed  protozoan  "Cy- 
toryctcB  variolte."  At  about  the  same  time  Monti '  described  similar 
bodies  in  the  cells  of  the  Malpighian  layer  of  the  skin  covering  smallpox 
lesions  and,  a  few  years  later,  Clarke'  confirmed  the  researches  of  . 
Guamieri.  Subsequently,  many  researches  were  carried  out  on  the 
same  subject  in  this  country,  the  most  notable  being  those  of  Council- 
man,' Magrath  and  BriuckerhofT,  and  of  Calkins.*  The  former  authois 
came  to  the  distinct  conclusion  that  the  bodies  seen  by  Guamieri  were 
parasites,  and  the  latter  author  even  described  a  distinct  life-cycle 
for  these  parasites  comparable  to  that  of  some  protozoa. 

These  researches,  however,  arc  by  no  means  absolutely  convincing, 
and  Ewing,^  while  admitting  that  the  vaccine  bodies  are  probablj 
specific  for  variola,  calls  attention  to  the  fact  that  specific  cell-dcgea 
erations  or  inclusions  are  found  in  diphtheria,  measles,  glanders,  rabies, 
and  other  infectious  processes,  which  can  not  be  regarded  as  in  any 
way  related  to  these  diseases  etiologically,  and  suggests  the  probability 
of  a  similar  interpretation  for  the  vaccine  bodies.  Much  has  been  said 
on  both  sides  of  the  question  since  that  time,  and  the  problem  can  not 
be  regarded  as  settled.  The  burden  of  proof,  of  course,  K!sts  upon 
those  who  claim  the  discovery  of  a  specific  microorganism,  and  absolute 
proof  will  probably  be  lacking  until  our  experimental  methods  are  such 
as  will  permit  of  other  than  purely  morphological  demonstration. 

Whatever  the  actual  causative  agent  may  be,  it  is  certain  that  the 
disease  is  transmitted  with  extreme  ease — actual  contact,  direct  or  in- 
direct, with  a  patient  Ix^ing  unnecessary  for  its  transmission.  For  this 
reason  the  disease  is  often  spoken  of  as  l>eing  "air  borne."  While  we 
have  no  certain  knowledge  of  the  portal  of  entry  through  which  the  virus 
invades  the  human  body,  many  considerations  have  made  it  seem  plausible 
that  this  may  take  place  through  the  mucosa  of  the  upper  respiratory  tract. 

Our  knowledge  of  the  means  of  defense  against  the  malady  is  for- 
tunately more  advanced  than  is  that  of  its  etiology.  It  has  been  knoTtm 
for  centuries  that  one  attack  of  .smallpox  protects  against  subsequent 
attacks.  This  knowledge  was  made  use  of  by  the  physicians  of  ancient 
China  and  India,  who,  during  mild  epidemics,  exposed  healthy  children 

'  Mimli,  Cent.  f.  Bakt  ,  I,  xvi.  '  Cba-ke,  Brit.  Med.  Jour.,  2,  1894. 

'  Cmatciiman,  Magrath,  and  Bnnckerhoff,  Jour.  Med.  R«e.,  xi,  19(M. 

*  Caikina,  Jour.  Med.  Res.,  ri,  1904.  •  ^ux'rv,  Jow.  Med.  Her..,  xiii,  1905. 
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to  infection,  hoping  that  mild  attacks  would  result  which  would  confer 
immunity.  While  dangerous  in  the  extreme,  such' "variolation,"  never- 
theless, was  not  without  some  benefit  and  was  even  introduced  into 
Europe  in  the  eighteenth  century  by  Lady  Mary  Wortiey  Montagu. 

Such  practices,  however,  were  made  unnecessary  by  the  classical 
investigations  of  Jenner*  published  in  1798.  Jenner,  as. a  student, 
had  been  impressed  with  the  fact  that  country-people  who  had  been 
infected  with  a  disease  known  as  cowpox,  were  usually  immime  against 
smallpox.  His  studies  and  observations  come  to  a  practical  issue  whea, 
in  1796,  he  inoculated  a  t)oy,  Jaffies  Phipps,  with  pus  from  a  cowpox 
lesion  on  the  hand  of  an  infected  dairy-maid.  Two  months  later  the 
same  boy  was  inoculated  with  material  from  a  smallpox  pustule  without 
subsequent  disease.  With  this  experiment  the  principles  of  vaccination 
as  in  use  at  the  present  time  were  founded. 

The  question  as  to  the  identity  of  cowpox  and  smallpox  has  been 
the  basis  of  a  long  controversy.  Many  observers  clamed  from  the  be- 
ginning that  the  two  diseases,  though  closely  related  to  each  other,  were 
essentially  diGFerent.  Others,  on  the  contrary,  and  this  seems  to  be  the 
prevailing  opinion  among  scientists  at  the  present  day,  maintain  that 
cowpox  or  vaccinia,  as  it  is  called  when  inoculated -into  a  human  being, 
represents  merely  an  altered  and  attenuated  variety  of  variola.  This 
latter  view  is  based  on  the  following  considerations,  which  we  take  from 
Haccius  as  quoted  by  Paul.* 

1.  Variola  is  invariably  transmissible  to  cattle,  when  proper  methods  of  in- 
oculation are  employed. 

2.  Variola  carried  through  several  animals,  iu  the  above  way,  becomes  al- 
tered in  chaiacter,  approaching  in  nature  typical  vaccinia  or  cowpox. 

3.  Such  virus,  reinoculated  into  man,  ^ves  rise  to  purely  local  leuons  which 
are  mild  and  unlike  smallpox. 

4.  Inoculation  with  such  virus  protects  both  man  and  animab  against  subse- 
quent inoculation  with  cowpox,  and,  in  the  case  of  men,  gainst  smallpox  96  weU. 

Recently  Kolmer*  has  carried  out  complement-fixations,  using  as 
antigens  salt  solution  suspensions  of  cowpox  and  smallpox  virus,  and 
has  demonstrated  close  biological  relationship  between  the  two. 

It  has  been  claimed,  moreover,  that  cowpox  originally  was  trans- 
mitted to  cattle  by  human  beings  aifected  with  smallpox.  This  seems 
likely  both  because  of  the  comparative  rarity  of  the  former  disease 

■  Jenner,  "Inquiry  into  the  Causes  and  Effects  of  the  Variola- Vaccins,"  London, 
1798.  '  Paul,  "Vaccination";  Kraua  and  Levaditi,  "Handbuch,"  etc.,  I. 

*  Kolmer,  Jour,  of  Immunology,  No.  1,  Feb.,  1916. 
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and  because  of  its  spontaneous  occurrence  almost  invariably  upon  the 
teata  of  cows,  although  both  males  and  females  are  equally  susceptible 
to  experimental  inoculation. 

The  relationship  of  variola  to  chicken-pox  or  varicella  has  been  more 
easily  determined.  Chicken-pox  does  not  protect  against  smallpox  nor  is 
this  the  caseuicepcrsa.   The  twodiscasesare  unquestionably  quite  distinct. 

The  Pioductfcni  ot  Vaodne. — During  the  early  days  of  vaccination, 
it  was  customary  to  inocuIat«  human  beings  with  the  matter  obtained 
from  the  pustules  of  those  previously  vaccinated.  While  this  method 
was  perfectly  satisfactory  for  the  immediate  purposes  in  view,  practical 
difficulties  and  the  occasional  accidental  transmission  of  syphilis  ha\'e 
rendered  this  practice  undesirable.  In  consequence,  at  all  institutes 
at  which  vaccine  is  produced  for  use  upon  man,  the  virus  is  obtained 
from  animals.  Horses  and  mules,  both  extremely  susceptible  to  vac- 
cine, have  been  employed,  and  goats  have,  at  times,  been  chosen  because 
of  their  insusceptibility  to  tuberculosis.  Rabbits  have  also  been  used 
more  recently  by  Calmette  and  Ouerin.' 

The  animals  almost  exclusively  employed  at  the  present  day,  how- 
ever, are  calves,  preferably  at  ages  of  from  sis  montlis  to  two  years. 
Very  youi^  suckling  calves  are  unsuitable  because  of  the  great  speed  of 
development  and  small  size  of  the  lesions  produced.  The  animals  should 
be  healthy  and  at  some  institutes  (Dresden)  are  sulijected,  l>efore  use, 
to  the  tuberculin  test;  although,  according  to  Paul,'  this  produces  a 
hypersusceptibility  to  the  vaccine,  and  can  l»e  omitted  without  danger 
when  careful  supervision  is  observed.  Some  observers  prefer  to  u.**  lights 
colored  animals  rather  than  <lark-skinned  or  black  ones,  Iwth  for  reasons 
of  greater  ease  of  cleanliness  and  Itecause  the  former  are  supposed  to  l>e 
more  susceptible  than  the  latter.  This  contention  is  denied  by  others. 
The  sex  of  the  animals  seems  to  be  immaterial. 

Durir^  the  period  of  use,  the  calves  are  fed,  according  to  age,  with 
either  an  exclusive  milk  diet,  or  they  are  given,  in  addition,  fresh  hay. 
The  greatest  cleanliness  in  regard  to  the  bedding  and  stalls  must  be 
observed  and  separate  stables  should  be  available  for  the  animals  under 
treatment  and  those  under  oljservation  Iwfore  treatment.  These  stables, 
if  possible,  should  Ix!  bo  built  that  they  can  be  easily  scoured  and  f1uRhc<l 
with  water,  an<l  stalls  should  be  disinfected  after  occupjition.  If  possible, 
stables  should  l)e  artificially  heat*^!  and  a  comfortable  temperature 
mainlined.     Halters  and  fiistonii^  should  I>e  so  arranged  that  the 

'  Calmetle  and  Guerin,  Ann.  He  I'inst.  Pasteur,  1902.  <  PatU,  loc.  cit. 
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animals  can  not  lick  the  scarified  surfaces.  Careful  veterinary  control 
before  vaccination  and  during  the  period  of  treatment  must  be  observed 
in  order  to  eUminate  animals  with  systemic  disease  or  other  complications. 

The  calves  may  be  vaccinated  with  material  taken  from  previously 
vaccinated  animals.  Again,  they  may  be  inoculated  with  "seed  virus" 
obtained  from  the  vesicles  of  human  vaccinia.  This  method  of  using 
humanized  virus  for  the  inoculation  of  calves  for  vaccine  production  is 
preferred  by  many  workers  aud  h  spoken  of  as  "retrovaccination." 

Park '  believes  that  the  most  efficient  and  reliable  seed  virus  consists 
of  what  he  calls  human-calf-ratAU  seed  virus.  Crusts  from  healthy 
children,  19  days  after  vaccination,  are  collected.  These  are  cut  up  and 
emulsified  with  boiled  water.  With  this  an  area  of  about  6  inches  square 
on  a  calf,  the  remainder  of  which  is  vaccinated  the  ordinary  way,  is  in- 
oculated. The  virus  from  this  apace  is  separately  collected  and,  after 
being  glycerinated,  b  used  in  dilution  of  1  to  12}/$  parts  of  salt  solution 
to  vaccinate  rabbits  on  the  shaven  skin  of  the  back.  The  pulp  from  this 
rabbit  vaccination  is  then  used  for  calf  vaccination. 

Actual  vaccination  of  the  animals  is  done  as  follows:  Calves  which 
have  been  kept  under  observation  for  at  least  a  week  are  thoroughly 
washed  and  cleaned  and  the  abdomen  is  clipped  and  shaved  over  an  arear 
extending  from  the  ensiform  cartilage  to  the  pubic  re^on,  includli^ 
the  entire  width  of  the  belly  and  the  inner  folds  of  th6  thighs.  It  b 
best  to  shave  the  animal  a  day  or  two  before  vaccination  bo  as  to  avoid 
fresh  scratches  and  excoriations.  Just  before  actual  operation  the 
animal  b  strapped  to  a  specially  constructed  operating  table  in  such  a 
way  as  to  allow  free  access  to  the  shaved  area.  Thb  area  b  now  thor- 
oughly washed  with  soap  and  water  followed  by  alcohol,  or,  in  some 
institutes,  by  a  weak  solution  of  lysol.  If  the  latter  is  used,  the  field 
of  operation  must  again  be  thoroughly  rinsed  with  sterile  water.  About 
a  hundred  small  scarifications  are  made  in  this  area,  preferably  by 
crossed  scratches,  covering  for  each  scarification  an  area  of  about  3-4 
square  centimeters.  Into  these  areas  the  virus  is  rubbed,  using  for  each 
small  area  a  quantity  about  sufficient  to  vaccinate  three  children.  Two 
to  three  centimeter  spaces  are  left  between  the  lesions.  The  lesions  are 
then  allowed  to  dry  and  may  be  covered  with  sterile  gauze  or,  as  in 
Vienna,*  with  a  paste  made  up  of  beeswax,  gum  arable,  zinc  oxid,  water, 
and  glycerin.    In  some  institutes  the  lesions  are  left  entirely  uncovered. 

Ordinarily  within  about  twenty-four  hours  after  vaccination  a  narrow 
pink  areola  appears  about  the  scratches.  Within  forty-eight  hours  the 
~i'ark  ana  Wittiams,  Path.  Mieroorg.,  N.  Y.,  1914,  p.  569.     '  Faul,  loc.  cit. 
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scratches  themselves  become  slightly  raised  and  papular,  and  within  four 
or  six  daya  typical  vaccinia  vesicles  have  usually  developed. 

To  obt^  the  vaccine  from  such  lesions,  the  entire  operative  field  is 
carefully  washed  with  warm  water  and  so^,  followed  by  sterile  water. 
In  some  cases  two  per  cent  lysol  is  employed,  but  must  again  be  thoi^ 
oughly  removed  by  subsequent  washing  with  sterile  water.  Crusts,  if 
present,  are  then  carefully  picked  off  and  the  entire  contents  of  the  vesi- 
cle, sticky  serum,  and  pulpy  exudate  removed  by  the  single  sweep  of  a 
spoon-curette.  The  curetted  masses  are  caught  in  stenle  beakers  or 
tubes  an<l  to  them  is  added  four  times  their  weight  of  a  mixture  of  glyce- 
rin fifty  parts,  water  forty-nine  parts,  and  carbolic  acid  one  part.'  Ger- 
man workers  prefer  a  mixture  of  glycerin  eighty  parte,  and  water  twenty 
parts,  omitting  the  use  of  carbolic  acid.  The  glycerinated  pulp  b  allowed 
to  stand  for  three  or  four  weeks  in  order  to  allow  bacteria,  which  are 
invariably  present,  to  die  out.  After  preservation  for  such  a  length  of 
time,  Vnoreover,  thorough  emulsification  is  obtained  more  easily  than 
when  this"  is  attempted  immediately  after  curettage.  At  the  end  of 
three  or  four  weeks,  the  glycerinated  pulp  b  thoroughly  triturated, 
either  with  mortar  and  pestle  or  by  means  of  specially  constructed  trit- 
urating devices.  Pulp  so  prepared  should  remun  active  for  at  least  three 
months  if  properly  preserved  in  sealed  tubes  in  a  dark  and  cool  place. 

From  the  serum  oozing  from  the  bases  of  the  lemons,  after  curettage, 
bone  or  ivory  slips  may  be  chaiged  for  vaccination  with  dry  virus.  The 
glycerinated  pulp  is  put  up  in  small  capillary  tubes,  sealed  at  both  ends, 
and  distributed  in  this  form.  Park  states  that  a  calf  should  yield  about 
10  grams  of  pulp  (which  when  made  up  should  suffice  to  vaccinate  1,500 
persons),  and,  in  addition,  about  200  charged  bone  slips. 

The  virus  may  be  tested  for  its  efficiency  by  a  variety  of  methods. 
Calmette  and  Guerin '  inoculate  rabbits  upon  the  inner  surfaces  oi  the 
ears  and  estimate  the  potency  of  the  virus  from  the  speed  of  develop- 
ment and  extensiveness  of  the  resulting  lesions.  Guerin'  has  estimated 
the  potency  of  virus  quantitatively  by  a  method  depending  upon  the 
inoculation  of  rabbits  with  a  series  of  dilutions.  Beginning  with  a  mix- 
ture containing  equal  weights  of  glycerin  and  vaccine  pulp,  dilutions  are 
made  with  sterile  water  ranging  from  1  in  10  to  1  in  100.  Rabbits 
are  shaved  over  the  skin  of  the  back  and  1  c.c.  of  each  of  these  dilu- 
tions is  rubbed  into  the  shaved  areas.    Fully  potent  virus  should  cause 

■  Hiutdkelon,  quoteil  in  Park,  "Pathogenic  Bacteria,"  N.  Y.,  1908. 
'  Calmette  and  Guerin,  Ann.  de  I'inat.  Pasteur,  1002. 
»  Ouerin,  Ann.  de  I'lnat.  Pasteur,  1905. 
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closely  approximated  vesicles  in  a  dilution  of  1  in  500,  and  numerous 
isolated  vedclea  in  a  <lilutioii  as  high  as  1  in  1,000. 

Quantitative  estimations  of  the  bacteria  in  the  glycerinated  virus 
should  be  made  by  the  plating  method  and  the  vaccine  used  only  when 
after  several  weeks  of  preservation  the  numbers  of  the  bacteria  have 
been  greatly  diminished.  In  glycerinated  pulp  the  bacteria  will  often 
disappear  entirely  in  the  course  of  a  month.  The  vaccine  should  also 
be  tested  for  the  possible  presence  of  tetanus  bacilU,  by  the  inoculation 
of  white  mice.' 

Vaccination  of  human  beings  is  performed  by  slightly  scarifying  the 
skin  of  the  arm  or  leg  with  a  sharp  sterile  needle  or  lancet  and  rubbing 
into  the  lesion  potent  vaccine  virus.  The  virus  was  formerly  dried  upon 
wood,  bone,  or  ivory  slips  and  moistened  with  sterile  water  before  the 
operation.  At  the  present  day  the  glycerinated  pulp  is  almost  univer- 
sally employed. 

That  vaccination  is  of  incalculable  beneiit  to  the  human  race  is  no 
longer  a  question  of  opinion,  and  opposition  to  the  practice  is  explicable 
only  on  the  basis  of  ignorance.  Statistical  compilations  upon  this  point 
are  very  numerous.  It  may  suffice  to  select  from  the  voluminous 
literature  a  single  example,  taken  from  Jiirgensen,  which  embodies  the 
statistics  of  death  from  smallpox  in  Sweden,  during  the  periods  immedi- 
ately preceding  and  following  the  introduction  of  vaccination.  In  that 
country  the  firat  vaccination  was  done  in  ISOl.  By  1810  the  practice 
was  geneiially  in  use  but  not  enforced.  In  1816  it  was  legally  enforced. 
The  years  from  1774  to  1855  can  thus  be  divided  into  three  periods. 

1.  Prev&cdnal  period,  1774-1801  (25  years).     Deaths  SDiallpox  per 

DuUion  inhabitants 2,050 

2.  Transitional  period,  1801-1810  (9  years) 680 

3.  Vaccination  enforced,  1810-1855  (35  years) 169 

Prevoccinal  period  death  rate  20.00  per  mille. 
Vaccina]  period  death  rate        0.17  per  mille. 

In  considering  the  benefit  of  vaccination  it  must  not  be  forgotten 
that  revaccinatioD  is  quite  as  important  as  the  fu^t  vaccination,  which 
confers  immunity  only  for  from  seven  to  ten  years.  A  child  should  there- 
fore be  vaccinated  soon  after  birth  or  at  least  before  the  eighth  month, 
and  the  process  should  be  repeated  every  seven  years  thereafter. 

>  Paul,  lo&  dt. 
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CHAPTER  XLTX 
ACUTE  ANTERIOR  I-OLIOM^'ELITIS 

The  iliscikse  known  art  acute  anterior  poliomyelitis  has  long  becD 
recogniBcd  as  an  acute  infectious  condition,  both  because  of  tho  charac- 
teristics of  its  clinical  manifestations  and  of  its  epidemic  occurrence. 
For  these  reasons  it  was  classified  with  acute  infectious  diseases  by 
Marie  and  by  Striimpell  long  before  any  experimental  evidence  of  in- 
fection was  obtainable. 

Its  contagiousness,  while  not  a  proven  fact,  aocmed  very  likely  from 
the  evidence  of  its  mode  of  spreading  and  has  been  removed  from  the 
sphere  of  mere  conjecture  by  the  careful  study  of  a  Swedish  epidemic, 
comprising  one  thousand  ca^jes,  made  by  Wickman.' 

While  acute  anterior  poliomyelitis  is  almost  exclusively  a  dinease  of 
childhood,  it  is  ussumed  by  clinicians  that  it  is  etiologically  closely  re- 
lated to,  possibly  identical  with,  certain  diseasis  of  the  adult,  character- 
ized by  bulbar  paralysis  and  acute  (encephalitis.  Into  this  category, 
also,  some  observers  place  the  condition  known  as  "  Landry's  paralysis." 
The  basis  for  the  identification  of  these  conditions  with  poliomyelitis 
lies  chiefly  in  the  similarity  of  the  pathological  lesions  and  upon  the 
fact  that  the  last-named  diseases  occur  most  often  during  the  course  of 
poliomyelitb  epidemics. 

In  consequence  of  the  emphatically  expressed  opinion  as  to  the  infec- 
tious nature  of  acute  poliomyelitis,  the  efforts  to  isolate  specific  micro- 
organisms from  case^  have  l>een  many,  and  numerous  nucroorganlsms 
have  b(!rn  desiiribcd  as  the  causative  agents  of  this  disease.  The  out^ 
come  of  ail  thtvst!  investigations  has  btsen  purt^ly  negative  and  the  infec- 
tious agent  of  acute  i)olio myelitis  atill  remains  undiscovered.' 

An  important  advance  in  the  study  of  this  disease  was  made  in  J  908 
when  Landsteiner  and  Popper^  succeeded  in  transmitting  it  to  two 
monkeys  (Cynocephalus  hamadryas  and  Macacus  rhesus).    The  trans- 

■  Widcman,  quoted  from  Landsteiner  and  Popper,  Zeit.  f.  ImmunitStsforch  'i, 
1909. 

>  For  literaturo,  see  Landeleiner  and  Popper,  loc  oit. 
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mis^oa  was  accomplished  by  intraperitoncfil  injectiona  of  a  RaJine  emul- 
sion  of  the  spinal  cord  of  a  child  that  had  dicil  during  the  fourth  day 
of  an  attack  of  infantile  paralysis — during  the  stage  of  acute  fever.  The 
first  monkey  injected  became  severely  ill  six  days  after  the  injection  and 
died  on  the  eighth  day.  The  second  animal  became  paralyzed  seventeen 
days  after  the  injection  and  was  killed  two  days  later.  Cultural  experi- 
ments with  the  substance  injected  were  negative,  as  were  also  inocula- 
tion experiments  carried  out  upon  guinea-pigs,  rabbits,  and  mice.  The 
histological  lesions  produced  in  the  inoculated  monkeys  were  similar 
to  those  occurring  in  children  afflicted  with  the  disease. 

An  attempt  to  transmit  the  disease  to  another  monkey  with  spinal- 
cord  substance  of  the  animal  that  was  killed  resulted  negatively. 

Soon  after  the  successful  experiments  of  Landsteiner  and  Popper,  a 
similar  result  was  recorded  by  Knoepfelmacher,'  An  attempt  to  trans- 
mit the  disease  from  monkey  to  monkey  was  again  negative. 

Similar  positive  inoculation  results  were  published,  a  little  later  than 
this,  by  Flexner  and  I^ewLs'  in  November,  1909,  and  by  Strauss  and 
Huntoon  *  in  January,  1910. 

Flexner  and  I>cwis,  in  their  work,  moreover,  succeeded  in  trans- 
mitting the  disease  through  several  inoculation-gonerations  of  monkeys, 
proving  thereby  that  successful  inoculation  did  not  depend  merely 
upon  the  transfer  of  an  unorganized  toxic  body,  but  was  due  to  a  true 
infection.  The  sanie  workers'  have  a.sccrtained  that  inoculation  may 
be  successfully  applied  not  only  by  the  intraperitoneal  route  but  intra- 
cerebrally,  subcutaneously,  intravenously,  and  by  the  path  of  the  larger 
nerves.  They  also  proved  that  not  onlj'  the  brain  and  cord  of  afflicted 
animals  contains  the  virus,  but  that  this  may  !«;  found,  during  the 
early  days  of  the  disease  at  least,  in  the  spinal  fluid,  the  blood,  the 
nasopharyngeal  mucosa,  and  lymph  nodes  near  the  site  of  inoculation. 

Landsteiner  and  Levaditi,'  meanwhile,  experimenting  with  the  virus 
independently,  succeeded  in  transferring  the  disease  from  one  animal  to 
others,  demonstrated  that  the  virus  could  pass  through  the  pores  of  a 
Berkefeld  filter,  and  showed  that  the  virus  was  present  in  the  salivary 
glands — a  fact  which  may  prove  of  great  importance  in  possibly  estab- 

>  Kwepfelmaeher,  tSedix.  Klinik,  v,  1900. 

»  FUxner  and  Lemt,  Jour.  Am.  Me<l.  Assn.,  53, 1909. 

•  Stratus  and  Hunlaon,  N.  Y.  Med.  Jour.,  Jan.,  1910. 

•  Flexner  and  Leana,  Jour.  Exp.  Meil.,  12,  1909. 

'  Landntfiner  and  LevadUi,  ComplfiS  rend,  de  la  aoc.  de  biol.,  Nov.,  1909,  and 
Dec,  1909. 
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liBhing  a  clew  to  the  mode  of  contagion  among  human  betngs.  The  same 
authors,  as  well  as  Flexner  and  Lewis,  were  able  to  show  that  the  virus 
was  preservable  imder  glycerin  for  as  long  as  ten  days  and  retained  its 
virulence  for  from  seven  to  eleven  days  when  dried. 

According  to  Flexner  and  Lewie  the  virus  remans  active,  when 
froaen,  for  as  lot^  as  forty  days,  but  b  extremely  sensitive  to  heat, 
being  destroyed  by  a  temperature  of  from  45°  to  50°  C.  maintained  for 
thirty  minutes. 

Experiments  aimed  at  the  isolation  or  even  morphological  detection 
of  a  parasite  in  the  virulent  material  have  been  entirely  without  success 
until  recently.  Bacteria  which  in  the  past  have  been  isolated  from 
nerve  substance  and  spinal  fluid  in  cases  of  poliomyelitis  can  of  couiw 
be  excluded  from  etiological  significance  by  the  recent  determination  of 
the  filtrability  of  the  virus  as  determined  by  Flexner  and  Lewis,  and 
Landsteiner  and  Levaditi.  Small  coccoid  forms  in  smears  from  the 
nerve  tissue  recently  described  by  Proescher'  are  of  very  uncertain 
sifinirt wince.  The  streptococci  recently  described  by  Eosenow  are,  in 
our  opinion,  secondary  invaders.  The  most  important  contribution 
which  has  been  made  in  the  solution  of  this  problem  is  that  of  Flexner 
and  Noguchi,*  These  investigators  placed  small  bits  and  emulsions  of 
the  brain  of  monkeys,  dead  of  poliomyelitis,  in  high  tubes  containing 
human  ascitic  fluid  together  with  a  piece  of  fresh  sterile  rabbit  kidney. 
In  all  essentials  the  method  was  that  followed  by  Noguehi  in  his  culti- 
vation of  Treponema  pallidum.  It  was  necessary  to  use  fresh  unheated 
ascitic  fluid.    Heat  sterilization  rendered  it  unsuitable. 

By  this  method,  after  five  days  opiilescence  appeared  about  the 
pieces  of  tissue.  This  increHsed  until  the  tenth  day,  when  sedimenta- 
tion began.  Microscopical  examination  by  Oicmsa's  method  of  stain- 
infj  revenlcd  small  globoid  bodies  measuring  from  0,15  to  0,3  micron  in 
diameter,  arranged  in  pairs,  short  chains,  and  masses.  Similar  bodies 
could  later  be  found  in  poliomyelitis  tissues.  Cultures  were  obtained 
from  plycerinated  as  well  as  from  fresh  virus  and  from  the  filtered  as 
well  as  the  unfiltcred  material.  Typical  lesions  and  death  have  been 
produced  in  nxmkeys  with  such  cultures  in  a  few  cases. 

We  have  few  data  which  throw  light  upon  possible  immunity  to  the 
disease.  Repeated  attacks  of  the  disease  in  the  same  human  beinp 
have  not  been  noted;  but  this,  as  Fle-tner  and  Jjewis  point  out,  may 
he  due  to  the  fact  that  the  epidemics  are  rare,  and  individuals  once 

'  Proeaeher,  N.  Y.  Med.  Jour.,  1!)13. 

'  Flemer  and  Noguchi,  Jour,  of  Exp.  Med.,  xviii,  1913. 
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afflicted  have  passed  beyond  the  snsceptible  age  by  the  time  of  the  sec- 
ond epidemic.  As  a  matter  of  fact,  however,  these  workers  have  not 
succeeded  in  reinfecting  monkeys  that  had  recovered. 

In  chickens  a  disease  has  been  observed  similar  in  many  ways  to 
poliomyelitis,  but  further  study  has  shown  this  to  be  a  polyneuritis. 

Of  other  animals  besides  monkeys,  rabbits  only  have  been  success- 
fully inoculated  with  this  disease.  Transmission  to  these  animals  was 
first  reported  by  Kraus  and  Meinicke  *  and  later  by  Lentz  and  Hunte- 
miiller.^  Marks  ^  has  studied  the  disease  in  rabbits  thoroughly,  and 
concludes  that  there  is  no  doubt  that  the  virus  can  be  cultivated 
through  a  limited  number  of  generations  in  rabbits.  He  was  able  to 
transmit  to  monkeys  from  rabbit  material.  The  disease,  however,  does 
not  resemble  that  of  man  or  monkeys  clinically  and  no  definite  lesions 
of  the  central  nervous  system  are  present.  The  rabbits  seem  perfectly 
well  for  six  or  seven  days,  when  rapid  weakness  and  death  in  con- 
vulsions occur. 

Animals  which  have  been  unsuccessfully  injected,  even  with  living 
virus,  do  not  develop  immunity.  However,  animals  that  have  been 
successfully  inoculated  and  recovered  are,  like  human  beings,  thereafter 
immune.  Levaditi  and  Landsteiner,  Roenier  and  Joseph,  and  Flesner 
and  Lewis  have  shown  that  the  serum  of  recovered  monkeya  will  pro- 
tect normal  animals  from  fatal  doses  of  the  virus.  That  the  same  pro- 
tective power  for  monkeys  has  been  shown  in  the  serum  of  human 
recovered  cases,  is  shown  by  the  same  authors  and  by  Anderson  and 
Frost,  consequently  the  intraspinous  injection  of  the  serum'  of  recently 
recovered  children  into  patients  in  high  stages  of  the  disease  has  re- 
cently been  advocated  and  ia  thought  well  of  by  a  number  of  observers. 
This  work,  however,  has  not  reached  completion  and  final  judgment 
must  be  withheld. 

'  Kraits  und  Meinicke,  Deut.  med.  Woch.,  xxxv,  1909. 

•  Lentz  und  HunlemUller,  Zeitechr.  f.  Hyg.,  Ixvi,  1910. 

*  MoriU,  Jour,  of  Exp.  Med.,  nv,  1911. 
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Yellow  fever  is  an  acute  infectious  disease  which  prevails  endemi- 
cally  in  the  tropical  countries  of  the  Western  Hemisphere,  but  occurs  also 
along  the  western  coast  of  Africa  and  has  exceptionally  appeared,  in 
epidemic  invasions,  in  the  north  temperate  United  States  and  Europe. 
Guitcras,  aa  quoted  by  Osier,  classifies  the  distribution  of  the  disease  into 
three  areas  of  infection. 

1.  The  area  in  which  the  disease  is  never  absent,  including  tropical 
South  American  ports  and  Havana. 

2.  The  area  of  periodic  epidemics,  including  sea-ports  of  the  tropical 
Atlantic  in  America  and  ,yrica, 

3.  The  area  of  accidental  epidemics,  extending  from  parallel  45" 
north  latitude  to  35°  south  Iati£ude.  In  the  United  States  severe  epi- 
demics have  frequently  occurred  in  Louisiana,  Mississippi,  and  Alabama, 
and  occasional  but  severe  epidemics  have  occurred  in  Philadelphia  and 
Baltimore. 

The  disease  occurs  spontaneously  only  in  man,  and  experimental 
inoculation  of  lower  animals  has  Iieen  succe&jful  only  in  the  chimpanzee 
in  a  single  case  reported  by  Thomas.' 

In  man  afflicted  with  the  malady  the  clinical  picture  is  one  of  a  rapidly 
developing  fever  with  severe  gastrointestinal  symptoms,  vomiting  d 
blood,  albuminuria,  and  often  active  delirium.  The  mortality  is  usually 
high,  often  reaching  eighty  per  cent  or  more  in  the  severe  cpitlemica. 

EtloloK7  and  Usthod  of  Transmiaaion. — The  actual  infective  agent 
which  causca  yellow  fever  is,  as  yet,  unkiiown.  Numerous  researches 
have  been  aiine<l  at  the  elucidation  of  the  problem,  and  microorganisms, 
for  wliich  etiologiiral  significance  was  claimed,  have  been  i!<olat<'d  from 
the  dejecta,  the  voinitus,  and  the  secretions  of  afflicte<^l  patients.  None 
of  these  claims  has  been  supportc<l  by  convincing  proof  and  none  of 
them  has  found  subsequent  confirmation. 

A  few  of  these  claims  only  have  historical  importance  because  of  the 

'  Thtmuu,  Brit.  Merf.  Jour.,  1, 1907, 
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widespread  interest  they  aroused  among  bacteriologists.  Comil  and 
Babes,'  in  1883,  described  chained  cocci  to  which  they  attributed  etio- 
logical significance,  but  their  contentions  have  remained  entirely  un- 
confirmed. Sternberg,*  in  1897,  described  a  colon-like  organism,  "  bacil- 
lus X,"  for  which  he  made  very  conservative  claims,  which  he  himself, 
later,  withdrew. 

The  most  active  discussion  was  aroused  by  the  announcement  of 
Sanarelli,'  in  1897,  that  he  had  discovered,  in  the  blood  and  tissues  of 
patients  dead  of  yellow  fever,  a  Gram-negative  bacillus,  which  he  be- 
lieved to  be  the  etiological  agent  of  the  disease.  He  based  his  contention 
upon  the  facts  that  he  had  isolated  the  organism  from  seven  cases  of 
yellow  fever,had  produced  symptoms  similar  to  thedisease  of  the  human 
being  by  the  inoculation  of  pure  cultures  into  dogs,  and  had  obtained 
agglutination  of  the  bacillus  in  the  scrum  of  convalescent  patients.  Later 
he  inoculated  five  human  beings  subcutaneously  with  sterilized  cultures 
of  this  "  Bacillus  icteroidcs,"  and  obtained  symptoms  whi(;h  he  believed 
simulated  closely  those  of  yellow  fever.  The  claims  of  Sanarelli  at  first 
found  much  apparent  confirmation,  but  later  work  by  Durham  and 
Myers,*  Otto,*  Agramontc,"  and  othere  has  definitely  refuted  his  original 
claims,  and  there  is  to-day  no  scientific  basis  for  the  assumption  that 
the  Bacillus  icteroides  has  any  etiological  relationship  to  the  disease. 
Protozoan  incitants,  also,  have  been  described  by  Klebs,'  Schiiller," 
Thayer,"  and  others,  without  bringing  conviction  or  even  justifying 
extensive  investigation  of  their  claims. 

While  thus  the  causative  agent  of  yellow  fever  remains  undLseovered, 
some  of  its  biological  properties  are  known.  Reed,  Carroll,  Agramonte, 
and  I^zear'*  were  able  to  show  that  the  infecting  agent  is  present  in 
the  blood  serum  of  patients  during  the  first  three  days  of  the  disease 
and  that  it  could-  pass  through  the  pores  of  Berkefeld  filters.  Such 
filterctl  scrum  remained  infectious  for  human  boings^a  fact  which  de- 
monstrates that  the  incitant  is   extremely  small   and  possibly  ultra- 

>  Comil  and  fiobes,  Comptee  rend,  de  I'acad.  deasci..  18S3. 

*SUrnberg,  Cent.  f.  Bakt.,  I,  xxii,  1897. 

■.SonoreUt,  Ann.  iiel'iDst.Past«ur,  1897, and  Cent.  f.Bakt.,f,xxii, xxvii, and  zxix. 

•  Durham  and  Myers,  Thompson  Yates  Laboratory  Reports  3  1902. 
*Olto,  Vierteljahreeh.  f.  gericht.  MedUin,  etc.,  27,  1904. 

•  AgranumU,  N.  Y.  Med.  News,  1900.  ■ 

•  Klebs,  Jour  Am.  Med.  Assn.,  April,  1898. 

•  SchuUer,  Berf  klin.  Wocli.,  7,  190C. 

•  Thaytr,  Meil.  Record,  1907. 

I"  Reed,  Carroll,  AgramonU,  and  Lauar,  Phila.  Med.  Jour,,  1900. 
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microscopic.  Blood  serum,  filtered  or  unfiltered,  becomes  non-infectious 
when  heated  to  56°  C.  for  ten  minutes. 

Mode  of  TrinamisBten. — Until  comparatively  recent  years  the  mode 
of  transmission  of  yellow  fever  was  not  understood  and  many  erroneous 
theories  were  prevalent.  It  was  supposed  that  yellow  fever  was  conta- 
gious, and  transmitted  from  person  to  person  by  direct  or  indirect  con- 
tact with  those  afflicted  or  by  fomites.  The  first  to  make  the  definite 
assertion  that  yellow  fever  was  transmitted  by  the  agency  of  mosquitoes 
was  Carlos  Finlay.  Finlay,'  as  early  as  1881,  advanced  the  theory  that 
mosquitoes  were  responsible  for  the  tranamisaioo  of  this  disease  and,  fur- 
thermore, recognized  "  Stegomyia  fasciata  "  or  "  Stegomyla  calopus  "  as 
the  guilty  species.  Finlay's  opinion,  although  later  proved  to  be  correct, 
was  at  first  based  only  upon  such  circumstantial  evidence  as  the  corre- 
spondence of  the  yellow-fever  zones  with  the  distribution  of  this  species 
of  mosquito  and  the  great  prevalence  of  mosquitoes  at  times  during 
which  epidemics  occurred.  His  theory  was,  therefore,  received  with 
much  skepticism  and  was  neglected  by  scientists  until  its  revival  in 
1900,  when  the  problem  was  extensively  investigated  by  a  commission 
of  American  army  surgeons. 

Keed,  Carroll,  Agramonte,  and  Lazear  were  the  members  of  this 
commission.  The  courage,  self-sacrifice,  and  scientific  accuracy  which 
characterized  the  work  of  these  men  have  made  the  chapter  of  yellow 
fever  one  of  the  most  brilliant  in  the  annals  of  American  scientific 
achievement. 

Their  work  was  much  facilitated  by  the  experience  of  Gorgas '  and 
others,  who  had  demonstrated  the  absolute  failure  of  ordinary  sanitary 
regulations  to  limit  the  spread  of  yellow  fever. 

They  began  their  researches  by  investigating  carefully  the  validity 
of  Sanarelli's  claims  as  to  the  etiological  significance  of  his  "  Bacillus 
icteroides."  The  results  of  this  work  yielded  absolutely  no  basis  for 
confirmation. 

They  then  proceeded  to  investigate  the  possibility  of  an  intermediate 
host. 

Ill  August,  1900,  the  commission  began  its  work  on  this  subject  by 
allowing  mosquitoes,*  chiefly  those  of  the  stegomjaa  species,  to  suck 

>  Finlay,  Ann.  Roy.  Acad,  d,  Havana,  1881. 

>Goi-ja«,  Jour.  otTrop.  Med.,  1903. 

»  Reed,  Carroll,  Agramonte,  and  Laiear,  Phila.  Med.  Jour.,  Oct.,  1900;  also  Am. 
Pub.  Health  Assn.  Rep.,  1903;  AgrammU,  N.  Y.  Med.  News,  1900;  Reed,  Jour,  of 
Hyg.,  1902;   Reed,  Carroll,  and  AgramoTUe,  Am.  Medicine,  July,  1901.     BoeUHi  Hed 
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blood  from  patients,  later  cauaing  the  same  insects  to  feed  upon  normal 
BUBceptible  individuals.  The  first  nine  experiments  were  negative. 
The  tenth,  of  which  Carroll  was  the  subject,  was  successful.  Four  days 
after  being  bitten  by  the  infected  insect  Cairoll  became  severely  ill  with 
an  attack  of  yellow  fever,  by  which  his  life  was  endangered,  and  from 
the  effects  of  which  he  died  several  years  later. 

On  the  13th  of  September,  Lazear,  while  working  in  the  yellow-fever 
wards,  noticed  that  a  stegomyia  had  settled  upon  his  band,  and  deliber- 


Fia.  155.— 9rE(H>iiTtA  Fasciata.    (a)  Female,    (b)  Male.    (After  Carroll.) 


ately  allowed  the  insect  to  drink  its  fill.  Five  days  later  he  became  ill 
with  yellow  fever  and  died  after  a  violent  and  short  illness. 

With  these  experiences  sa  a  working  basis,  the  commission  now 
decided  upon  a  more  systematic  and  thoroughly  controlled  plan  of 
experimeDtation. 

In  November  of  the  same  year,  1900,  an  experiment  station,  "Camp 
Laiear,"  was  established  in  the  neighborhood  of  Havana,  about  a  mile 
from  the  town  of  Quemados.  The  camp  was  surrounded  by  the  strictest 
quarantine.  Volunteers  from  the  army  of  occupation  were  called  for, 
and  twelve  individuals  were  selected  for  the  camp,  three  immunes  and 
nine  non-immunes.    Two  of  the  latter  were  physicians.    The  immunes 

and  Surf.  Jour.,  14,  1901 ;  Carroll,  Jour.  Am.  Med.  ABan.,  40, 1903;  Canol,  "  Yellov 
Fever"  in  HenK,  "  Bsadbuch  der  Tropen-Krankheiten,"  ii. 
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and  the  members  of  the  commission  only  were  allowed  to  go  in  and  out. 
All  non-immunes  who  left  the  camp  were  prohibited  from  ^e-entsring  and 
their  places  taken  by  other  non-immune  volunteers.  During  December, 
five  of  the  non-immune  inmates  were  successfully  inoculated  with  yel- 
low fever  by  means  of  infected  moaquitocs.  During  January  and  Febru- 
ary five  further  successful  experiments  were  made.  Clinical  observa- 
tions were  made  by  experienced  native  physicians,  Carlos  Finlay  among 
them,  and  the  patients,  as  soon  as  they  were  unquestionably  ill  witli 
yellow  fever,  were  removed  to  a  yellow-fever  hospital.  This  was  done 
to  prevent  the  possibility  of  the  disease  spreading  within  the  camp  it- 
self. The  mosquitoes  used  for  the  experiments  were  alt  cultivated  from 
the  larva  and  kept  at  a  temperature  of  about  26.5"  C. 

A  further  important  experiment  was  now  made  A  small  house  was 
erected  and  fitted  with  absolutely  moaquito-prcof  windows  and  doors. 
The  interior  was  divided  by  wire  mosquito  netting  into  two  spaces.  With- 
in one  of  these  spaces  fifteen  infected  mosquitoes  were  liberated!  Seven 
of  these  had  fed  upon  yellow-fever  patients  four  days  previously;  four, 
eight  days  previously;  three,  twelve  days  previously;  and  one,  twenty- 
four  hours  previously.  A  non-immune  person  then  entered  this  room 
and  remwnod  there  about  thirty  minutes,  allowing  himself  to  be  bitten 
by  seven  mosquitoes.  Twice  after  this  the  same  person  entered  the 
room,  remaining  in  it  altogether  sixty-four  minutes  and  being  bitten  fif- 
teen times.   After  four  days  this  individual  came  down  with  yellow  fever. 

In  the  other  room  two  non-immunes  slept  for  thirteen  nights  with- 
out any  evil  results  whatever. 

It  no^  remained  to  show  that  mosquitoes  were  the  sole  means  of 
transmission  and  to  exclude  the  possibility  of  infection  by  contact  with 
excreta,  vomitus,  or  fomites.  For  this  purpose  another  mosquito-proof 
house  was  constructed.  By  artificial  heating  its  temperature  was  kept 
above  32.2°  C.  and  the  air  was  kept  moist  by  the  evaporation  of  water. 
Clothing  and  bedding,  vessels,  and  eating  utensils,  soiled  with  vomitus, 
blood,  and  feces  of  yellow-fever  patients  were  placed  in  this  house  and 
three  non-immune  persons  inhabited  it  for  twenty  days.  During  this 
time  they  were  strictly  quarantined  and  protected  from  mosquitoes. 
Each  evening,  before  going  to  bed,  they  unpacked  and  thoroughly 
shool-  clothing  and  bedding  of  yellow-fever  patients,  and  hung  and 
scattered  these  materials  about  their  beds.  They  slept,  moreover,  in 
contact  wjth  linen  and  blankets  soiled  by  patients.  None  of  these 
persons  contracted  yellow  fever.  The  same  experiment  was  twice  re- 
peated by  other  non-immunes,  in  both  cases  witb  like  negative  results. 
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All  of  the  non-immuiies  taking  part  in  these  experiments  were 
American  soldiers.  Four  of  them  were  later  shown  to  be  susceptible 
to  yellow  fever  by  the  agencies  of  mosquito  infection  or  blood-injection. 
.  The  results  obtained  by  the  investigations  of  this  comnussion  may 
be  summarized,  therefore,  as  follows: 

Yellow  fever  is  acquired  spontaneously  only  by  the  bite  of  the 
St^omyia  fasciata.  It  is  necessary  that  the  infecting  insect  shall  have 
sucked  the  blood  of  a  yellow-fever  patient  during  the  first  four  or  five 
days  of  the  disease,  and  that  an  interval  of  at  least  twelve  days  shall 
have  elapsed  between  the  sucking  of  blood  and  the  reinfection  of  an- 
other human  being.  Sucking  of  the  blood  of  patients  advanced  beyond 
the  fifth  day  of  the  diseaw  does  not  seem  to  render  the  mosquito  infec- 
tious, and  at  least  twelve  days  arc  apparently  required  to  allow  the  para- 
site to  develop  within  the  infected  mosquito  to  a  stage  at  which  rein- 
fection of  the  human  being  is  possible. 

The  results  of  the  American  Commission  were  soon  confirmed  by 
Guiteras  ^  and  by  Marchoux,  Salimbeni,  and  Simond.'  These  latter  ob- 
servers, moreover,  confirmed  the  fact  that  infection  could  be  experi- 
mentally produced  by  injections  of  blood  or  blood  serum  taken  from 
patients  during  the  first  three  days  of  the  disease.  They  showed  that 
blood  taken  after  the  fourth  day  was  no  longer  infectious:  that  0.1  c.c. 
of  serum  sufficed  for  infection  and  finally  that  no  infection  could  take 
place  through  excoriations  upon  the  skin.  They  furthermore  confirmed 
the  observation  of  Carroll  that  the  virus  of  the  disease  could  pass  through 
the  coarser  Berkefeld  and  Chamberland  filters, — passing  through  a 
Chamberland  candle  "  F  "  but  held  back  by  the  finer  variety  known  as  "  B." 

The  fundamental  factorsof  yellow-fever  transmission  thus  discovered, 
we  are  in  possession  of  logical  means  of  defense.  The  most  important 
feature  of  such  preventive  measures  must  naturally  center  upon  the 
extermination  of  the  transmitting  species  of  mosquito. 

Stegomyia  fasciata  or  calopua  is  a  member  of  the  group  of  "Culi- 
cidip."  It  is  more  delicately  built  than  most  of  the  other  members  of 
the  group  culicidie,  is  of  a  dark  gray  color,  and  has  peculiar  thorax- 
markings  which  serve  to  distinguish  it  from  other  species.  The  more 
detailed  points  of  differentiation  upon  which  an  exact  zoological  recog- 
nition depends"  are  too  technical  to  be  entered  into  at  this  place. 
Briefly  described,  they   consist  of  lyre-like  markings  of  the  back, 

'  <?tnleni«,  R«v.  d.  mM.  trap.,  Jm).,  1901,  and  Am.  Med.,  11,  1901. 
*  Manltmix,St^mbeni.  and  Sinumd,  Aaa.de  Vinst.  Pasteur,  1903. 
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unspotted  wings,  white  stripes  and  spots  on  the  abdomen,  and  band- 
like white  markii^  about  the  metatarsi  and  tarsi  of  the  third  paii 
of  legs.  The  peculiar  power  of  transmitting  yellow  fever  possessed 
by  this  species  is  explained  by  Marcboux  and  Stmond '  by  the  l^t 
that  Stegomyia  fasciata  is  unique  among  culicidfe  in  that  the  female 
lives  for  prolonged  periods  after  sucking  blood.  Among  other  species 
— <7ulex  fatigans,  Culex  confinnatus,  and  most  others — ihe  female  lays 
its  ^gs  within  from  two  te  eight  days  after  feeding  on  blood  and  rarely 
lives  longer  than  the  twelfth  day — the  time  necessary  for  the  develop- 
ment  of  the  yellow-fever  parasite. 

The  limitation  of  yellow  fever  to  tropical  countries  *  is  explained  by 
the  fact  that  stegomyia  develops  only  in  places  where  ht^  tempera- 
tures prevail.  The  optimum  temperature  for  this  species  lies  betwe^ 
26°  and  32°  C.  At  17°  C.  it  no  longer  feeds,  and  becomes  practically 
paralyzed  at  15°  C.  In  order  to  thrive,  the  species  requires  a  temperature 
never  going  below  22°  C,  at  night  and  rising  regularly  above  25°  C. 
during  the  day.  The  females  only  are  dangerous  as  sources  of  infection. 
The  insect,  like  Anopheles,  has  the  peculiarity  of  feeding  chiefly  at  night. 

.  Experiments  done  by  Keed,  Carroll,  Agramonte,  and  Lasear,'  to 
ascertain  whether  the  power  of  infecting  was  hereditarily  transmisfflble 
from  the  mosquito  to  following  generations,  were  negative.  A  positive 
result,  however,  has  been  reported  by  Marchoux  and  Simond.'  This 
question  must  still  await  more  extensive  research. 

Imnmnity. — Natural  immunity  against  yellow  fever  was  formeriy 
assumed  to  exist  in  the  negro  race.  More  recent  investigations  have 
not  borne  out  this  assumption.  The  negro  soldiers  of  the  American 
army  in  Cuba  were  afflicted  equally  with  the  white  troops.  The  rela- 
tive immunity  of  dark-skinned  races,  however,  is  explained  possibly 
by  the  fact  that  the  stegomyia  prefers  to  attack  light-colored  surfaces. 

A  single  attack  seems  to  protect  against  subsequent  infection 
throughout  life. 

Artificial  immunization  has,  so  far,  been  unsuccessful.  Relative 
immunity  was  produced,  however,  by  Marchoux,  Salimbenl,  and 
Simond,  by  injections  of  the  serum  of  convalescente,  serum  heated  to 
55°  C,  and  of  deBbrinated  blood  preserved  for  eight  days  in  vees^ 
sealed  with  vaseUne. 

■  Marchoux  and  Simond,  Ann.  de  I'inst.  Pasteur,  1906. 

*Otto,  inKoUeund  Wassennans,  "Handbucb,"etc.,  II,  Etg&DiungdiuML 

>  Marehoux  and  Simond,  Comptea  rend,  de  la  Boc.  de  bid.,  69,  J90S. 
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The  causative  agent  of  measles  is  unknown  to  the  present  day, 
and  it  would  be  a  thankleaa  task  to  review  the  literature  of  the  many 
attempts  to  isolate  microorganisms  from  this  disease,  none  of  which 
has  resulted  in  throwing  any  light  on  the  etiology. 

Attempts  to  produce  the  disease  experimentally  have  frequently 
been  made,  the  earliest  recorded  being  -those  of  Home  of  Eldinburgh, 
published  in  1759.'  Home  took  blood  from  the  arms  of  patients  afBicted 
with  measles,  and  caught  it  upon  cotton,  and  inoculated  normal  in- 
dividuals by  placing  this  blood-stained  cotton  on  to  wounds  made  in 
the  aim.  Home  clamed  that  in  this  way  he  produced  measles  of  a 
modified  and  milder  type  in  fifteen  individuals.  Home's  results,  bow- 
ever,  while  at  first  accepted,  were  assailed  by  many  writers  and  it  is 
by  no  means  certain  that  the  disease  produced  by  him  was  really  measles. 

A  number  of  Other  observers  after  Home  attempted  experimental 
inoculation  of  this  disease,  and  positive  results  were  reported  by  Stewart 
of  Rhode  Island  (1799),  Speranza  of  Mantua  (1822),  Katowa  of  Hungary 
(1842),  and  McGirr  of  Chicago  (1850). 

The  experiments  of  all  these  early  writers,  however,  are  unsatisfac- 
tory, owii^  to  the  necessarily  unreUable  technique  of  their  methods. 

In  1905,  Hektoen'  succeeded  in  experimentally  producing  the  dis- 
ease in  two  medical  students  by  subcutaneous  injection  of  blood  taken 
from  measles  patients  at  the  height  of  the  disease  (fourth  day).  The 
experiments  were  carefully  carried  out  and  the  symptoms  in  the  sub- 
jects were  imquestionable.  They  demonstrated  beyond  doubt  that  the 
vims  of  the  disease  is  present  in  the  blood.  Attempts  at  cultivation 
carried  out  with  the  same  blood  were  entirely  negative.  It  was  also 
shown  by  Hektoen's  experiments  that  the  virus  of  measles  may  be  kept 
aUve  for  at  least  twenty-four  hours  when  mixed  with  ascitic  broth. 

'  Home,  "  Medical  Facts  and  Experiments,"  Edinburgh,  1759. 
^HOitoen,  Jour.  Inf.  Dis.,  ii,  1905. 
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SOASLST  RTES 

(Scarlatina) 

The  etiology  of  scarlet  fever,  like  that  of  measles,  is  still  obscure. 
Streptococci  have  been  found  with  striking  regularity  in  the  throats  of 
Bcarlet-fever  patients,  and  a  large  number  of  investigations  have  seemed 
to  fumiah  evidence  for  the  etiological  relationship  of  these  microorgan- 
isms with  the  disease.  According  to  von  Lingelsheim,  Ctooke  as  early 
as  1885  demonstrated  the  presence  of  streptococci  in  the  cadavers  of 
scarlet-fever  victims.  Baginsky  and  Sommerfetd  '  in  1900  examined  a 
number  of  scarlatina  cases  with  reference  especially  to  streptococcus 
infection,  and  reported  the  presence  of  streptococci  in  the  heart's 
blood  of  eight  patients  whb  had  died  after  a  very  acute  and  short 
illness.  They  expressed  the  belief  that  the  acuteneesof  the  illness  and 
the  rapidity  of  death  in  these  cases  precluded  the  possibility  of  the 
streptococci  being  merely  secondary  invaders.  A  large  number  (rf 
other  observers  have  expressed  similar  opinions,  but  we  can  not,  as 
yet,  justly  conclude  that  streptococci  are  actu^ly  the  etiological 
agents  in  this  disease. 

Class '  in  1899  described  a  diploeoccus  which  he  cultivated  from  a 
large  number  of  scarlatina  patients  and  with  which  he  was  able  to  pro- 
duce exanthemata  and  acute  fever  in  pigs.  Subsequent  investigatiiHts 
seem  to  show  that  Class  was  really  working  with  a  streptococcus. 

Moser,'  working  in  Escherich's  clinic,  has  recently  reported  the  very 
favorable  influence  upon  the  course  of  scarlet  fever  of  polyvalent 
streptococcus  antisera.  This  is  not  really  very  strong  evidence  in  favor 
of  the  streptococcus  etiology  of  the  disease,  since  there  is,  of  course,  no 
doubt  that  streptococcus  infection  complicates  the  disease,  and  it  is 
to  be  expected  that  antistreptococcus  serum  should,  therefore,  benefit 
the  patient's  condition  by  combating  this  complication, 

Mallory  *  in  1904  published  observations  on  four  scarlatina  cases  on 
which  he  bases  the  belief  that  scarlatina  ia  caused  by  protozoa.  In 
the  skin,  between  the  epithelial  cells,  he  found  small  bodies  which  were 
easily  stained  with  methylene-blue  and  which  because  of  their  arrai^e- 

■  BagiTisky  and  Sommer/eld.  Berl.  klin.  Woch.,  1900,     -  " 
"  CUut.  Phila.  Med.  Jour.,  iii,  1899. 

•  Moaer,  quoted  by  Escherich,  Wien.  klin.  Woch.,  xxiii,  1§03. 

*  Mallory,  Jour.  Med.  Research,  x,  1904. 


Digitized  t,  Google 


TYPHUS  FEVER  677 

ment  and  form  he  interpreted  aa  parasites  not  very  unlike  the  Plasmo- 
dium of  malaria.  Subsequent  investigations  of  Field  '  and  others  have 
failed  to  substantiate  Mallory's  conclusions. 

TTPUU8  nVlB 

Typhus  fever  is  an  infectious  disease  which  ia  characterized  by  an 
incubation  time  of  5  days  or  more,  high  temperature,  "and  a  petechial 
rash.  It  has  been  characterized  as  peculiariy  a  disease  of  filth  and 
has  epidemically  disappeared  in  most  of  the  civilizgd  countries,  al- 
thou^  it  is  still  endemic  in  certain  parts  of  Europe,  North  and  South 
America,  and  occurs  epidemically  in  Mexico  under  the  name  of  Tabar- 
diilo.  In  New  York  it  has  recently  been  found  to  exist  not  infrequently. 
It  was  described  as  a  new  clinical  entity  by  Brill,  and  has  been  spoken 
of  as  Brill's  disease,  but  the  work  of  Ander&on  and  Goldbet^er  has 
shown  that  Brill's  disease  is  identical  with  typhus  fever.  Great  advances 
have  been  made  in  the  knowledge  of  the  disease  during  the  last  few  years. 

In  1909,  NicoUe '  successfully  inoculated  an  anthropoid  ape,  and 
Anderson  and  Goldberger '  in  the  same  year  succeeded  in  i&oculatii^ 
lower  monkeys,  rhesus  and  capuchin.  Similar  successful  monkey  in- 
oculations were  made  by  Ricketts  and  Wilder,*  by  Gavino  and  Girard.* 
Iq  these  animals  inoculation  with  blood  from  active  cases  is  Followed 
by  a  rapid  rise  of  temperature  after  an  incubation  time  of  5  days  or 
more,  and  the  fever  remains  high  for  3  to  5  days,  after  which  it  comes 
down  by  lyms.  Occasional  recrudescences  have  been  noticed  in  monkeys. 
Goldberger  and  Anderson  have  had  a  mortality  of  2  per  cent  in  their 
monkeys.  The  disease  may  be  transmitted  from  monkey  to  monkey 
with  the  blood,  which  m  infectious  during  the  febrile  period  and  may  be 
so  for  as  long  as  32  hours  after  the  temperature  returns  to  normal. 

The  disease  was  at  first  suspected  to  be  caused  by  a  filterable  virus, 
an  opinion  which  is  still  held  by  some  observers.  Most  workers  agree 
today,  especially  tiecause  of  the  work  of  Anderson  and  Goldberger, 
that  filtered  blood  will  not  convey  the  disease,  and,  although  NicoUe, 
Conor  and  Conseil,  Ricketts  and  Wilder,  and  others  have  reported 

'  Fidd,  Jour.  Exper.  Med.,  vii,  1905.  *  NumIU,  Compt.  rend.  Acad.  d.  8c.,  1909, 
p.  157;  Add.  de  I'lDst.  Past.,  1910,  1911,  1912. 

'Anderwn  and  G<Mierger,  Jour  A.  M.  A.,  1912,  p.  49;  Jour,  Med.  Rea.,  1910, 
p.  469;  N.  Y.  Med.  Jour.,  1912,  p.  976. 

'  Rideetit  and  Wilder,  Jour.  A.  M.  A„  Feb,,  1910,  p.  463;  ibid.,  April  16,  1910, 
p.  1304;  ibid,,  April  23,  1910,  p,  1373;  ibid,,  July  23.  1910,  p.  309. 

'  Oavinti  and  Girard,  dM  from  Aodereon  and  Goldberger, 
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that  occasionally  inoculation  with  filtered  blood  renders  monkeys  re- 
fractory to  later  inoculation,  it  is  generally  believed  at  present  that  the 
disease  is  caused  by  some  f^ent  too  large  to  pass  through  the  Berke- 
feld  or  Chamberland  filters. 

Work  on  the  etiology  of  typhus  has  been  very  extenMve  and  nutny 
microorganisms  have  been  described. 

Ricketta  and  Wilder  saw  short  bacilli  Is  smear  preparations,  but  were  not 
able  to  cultivate  tiiem.  Rabinovltch  ■  described  a  Gram-positive  diplo-bscillus, 
cultivated  from  cases  of  an  epidemic  in  Kieft,  and  with  antigens  prepared  from 
this  organism,  he'obt^ned  complement-fixation  and  agglutination.  POrth 
studied  an  epidemic  in  China  and  obtMned  short,  plump  rods  which  grew  a£n>- 
bically  in  short  chains.  P.  Th.  Multer  saw  a  diplo-bacillus  upon  which  he  did 
not  lay  much  stress  etiolof^cally,  and  Prowezek  described  mclumoDS  in  euco- 
cytes  which  he  regarded  as  protozoa.  It  is  hardly  worth  while  at  the  [U'eseot 
time  to  describe  in  detail  the  many  difTerent  findings  that  have  been  reported, 
once  in  few  of  them  is  there  sufScient  evidence  to  enable  us  to  crane  to  con- 


In  1914  Plotz  '  described  a  short  Gram-po«tive  batnllus  which  he 
obtained  by  anaerobic  cultivation,  with  con^derable  regularity,  from 
cases  of  Brill's  disease  at  the  Mt.  Sinai  Hospital,  New  York,  and  which 
since  then  has  been  made  the  subject  of  considerable  study  by  Pioti, 
Olitsky,  and  Baehr.*  They  have  obtained  the  bacillus  again  and  agun, 
have  succeeded  in  obtaining  positive  agglutinations  and  complement- 
fixation  in  the  blood  of  endemic  typhus  cases  after  the  criffls  and  have 
obtained  a  similar  bacillus  from  a  number  of  European  typhus  cases 
which  have  come  into  quarantine. 

The  method  of  cultivation  by  which  this  bacillus  is  grown  is 
relatively  simple,  consistii^  of  taking  blood  directly  from  a  vein  into 
h^  tubes  conttuning  glucose  agar  and  unheated  and  unfiltered  ascitic 
fluid  of  a  specific  gravity  not  less  than  10.15. 

The  American  Red  Cross  Commission  which  went  to  Serbia  during  the  last 
typhus  epidemic — and  of  which  the  writer  was  a  member — attempted  to  wtsk 
along  the  lines  laid  down  by  Plotz  but  found  it  extremely  difficult  to  do  sys- 
tematic  work  and  obtain  reliable  materials  imder  the  conditions  then  existing. 
The  undersigned  obtained  an  organism  very  similar  to  the  Plots  bacillus  by 
Plotz's  method  in  two  cases.  In  the  first  of  these  the  oi^anism  could  not  be 
carried  further  than  the  second  generation,  and  in  the  second  it  did  not  reach 
America  alive.    Hopkins  obtained  a  similar  organism  later  toward  the  end  ctf 

>  RiAitumtch,  Centralbk.  Bakt.  Orig.,  1909,  Ui,  Areh.  f.  Hyg.,  1909. 

>  PloU,  Jour  of  A.  M.  A.,  Ixii,  20,  p.  14. 

■  PloU,  Olitaky  and  Baehr,  Jour,  of  Inf.  Dia.,  xrii,  1916,  p.  1, 
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the  eiMdemic,  which  is  atill  under  cuUivatioo.  However,  these  organiamfl  were 
found  BO  rarely,  in  apite  of  a  considerably  number  of  blood  cultures  that  were 
taken,  and  the  neceamty  of  wce'king  with  unsteriUsed  ascitic  fluid  under  rela- 
tively primitive  conditions,  forced  the  concluaon  upon  them  that  these  isolated 
findings,  though  pointing  somewhat  in  favor  of  Plotz's  oi^anism,  did  not  es- 
tablish definite  proof.  However,  of  the  many  blood  cultures  taken,  the  smaller 
number  were  taken  from  fresh  cases,  most  of  the  asdtic  fluid  used  did  not 
come  up  to  the  apecificationa  of  Plotz,  and  there  Is  no  doubt  about  thefact 
that  the  organism  described  by  Plotz  is  not  one  that  is  very  easHy  cultivated 
unless  rich  ascitic  fluid  is  available. 

The  fact  that  the  Plotz  oi^aoism  has  been  cultivated  from  guinea- 
pigs  and  monkeys  experimentally  inoculated  is  further  evidence  in  favor 
of  this  bacillus. 

Petruschky '  has  Tecently  cultivated  a  similar  but  aStxibic  bacillus  from 
sputum  in  typhus  cases  and  Amheim'  has  aSrobicaUy  cultivated  an  organism 
which  in  appearance  and  staining  properties  is  not  unlike  the  Plots  bacillus. 
Amheim  obtained  lus  oiganism  from  «x  cases,  on  ascitic  agar  plates,  on  which 
on*  the  first  cultures  there  appeared  a  growth  hardly  viable  to  the  naked  eye 
and  which  in  tranaplants  continued  to  grow  very  delicately.  He  states  his 
organism  ia  not  unlike  that  of  Petruschky  tmd  he  obtained  it  out  <^  the  blood, 
the  sputum  and  the  urine  of  typhus  cases. 

There  appears  at  the  present  writing  to  be  mUch  evidence  in  favor 
of  the  bacillus  of  Plotz  as  the  causative  agent,  the  only  objection  to  its 
final  acceptance  beii^  that,  despite  the  fact  that  a  great  many  workers 
have  been  studying  this  disease  during  the  last  few  years,  the  micro- 
organisms which  have  been  described  have  not  been  umilar  one  with 
the  other,  and  the  fact  that  the  Plotz  organism  seems  to  loee  its  viru- 
lence almost  immediately  upon  artificial  cultivation.  Also  according 
to  Anderson,  active  immunization  with  the  Plots  bacillus  does  not 
render  guinea-pigs  refractory  to  virus  inoculation.  All  these  things  breed 
conservatism.  However,  with  a  relatively  simple  method  and  sufficient 
typhus  material,  the  question  of  the  Plotz  bacillus  should  soon  be  defi- 
nitely settled. 

The  transnission  of  typhus,  as  shown  by  Nicdle,  EUcketts  and 
Wider,  and  Anderson  and  Goldbei^er  seems  to  be  mainly  through  the 
agency  of  the  louse, — the  body  louse  (pediculus  vestimenti)  pretty 
aiu«ly,  the  head  loose  (pediculus  capitis)  possibly,  the  pubic  louse 
probably  not.    So  far,  no  evidence  has  been  obtained  that  the  disease 

■  PelruKhky,  Centrulbk.  f.  Bakt.,  Ixxv,  1915,  p.  497. 
*  AmAeun,  D.  Med.  Woch.,  36,  191«,  p.  lOOQ. 


Digitized  by  Google 


680  DISEASES  CAUSED  BY  FILTRABLK  VntTTS 

has  been  trananitted  by  the  flea  or  the  bedbug.  The  disease  is,  there- 
fore, one  particularly  likely  to  accompany  filthy  conditions  of  living, 
and  war,  and  famine.  The  louse,  when  obtaining  access  to  the  human 
body,  lives  largely  in  the  underclothing,  especially  along  the  seAms, 
the  belt,  and  other  small  shelters,  feeding  two  or  three  times  a  day. 
The  sanitation  of  typhus  b,  therefore,  largely  a  campaign  agunst  lice, 
which  would  consist  in  attention  to  bedding,  sterilization  of  clothii^, 
and  bathing.  Since  the  louse  is  very  susceptible  to  heat,  autoclave  or 
steam  sterilization  is  best  for  materials  that  can  stand  it, — clothing, 
etc.;  sulphur  properly  applied  to  barracks,  stables,  etc.,  is  very  efficient; 
kerosene  or  gasolene  as  a  spray  for  the  hair  and  beard  is  excellent  as  a 
louse-killing  agent;  and,  for  rapid  louse-killing  in  underclothing,  it  has 
been  foimd  very  useful  to  drop  the  clothing  into  a  clothes  box  or  bag, 
with  about  an  oimce  of  chloroform,  for  several  hours. 

Most  authorities  believe  that  typhus  fever  b  transmitted  only  by 
vermin.  However,  during  the  recent  epidemic  in  Serbia,  it  was  the 
opinion  of  some  physicians  that  at  the  height  of  the  disease,  the  sputum 
could  convey  it  by  infection.  This  b  very  uncertain.  By  the  work  of 
Nicolle  and  his  associates,  and  of  Ricketts  and  Wilder,*  also  of  Ander- 
son and  Goldberger,*  it  has  been  shown  that  the  virus  can  be  trans- 
mitted from  human  being  to  human  being  by  the  bites  of  the  body 
louse  (pediculus  vestlmenti);  the  flea  and  the  bedbug  apparently  do  not 
transmit  the  disease.  The  head  louse  (pediculus  capitis)  may  possibly 
transmit  it. 

rOOT-AND-MOUTH  DI8KA8I 

Thb  malady  occurs  chiefly  in  cattle,  sheep,  and  goats,  more  rarely 
in  other  domestic  animals.  It  is  characterized  by  the  appearance  of  a 
ve«cular  eruption  localized  upon  the  mucosa  of  the  mouth  and  upon  the 
delicate  skin  between  the  hoofs.  In  the  females  similar  eruptions  may 
appear  upon  the  udders.  With  the  onset  of  the  eruption  there  may  be 
increased  temperature,  refusal  of  food,  and  general  depression.  Usu^y 
the  dbease  b  mild;  the  vesicles  become  small  ulcers  and  pustules.  Oc- 
casionally the  disease  is  complicated  by  catarrhal  gastroenteritis  or  an 
inflammation  of  the  respiratory  tract,  and  death  may  ensue. 

The  disease  is  transmitted  from  animal  to  animal  by  means  of  vims 
contained  in  the  vesicular  contents.  Infection  may  also  take  place 
through  the  i^ncy  of  milk.    It  has  been  claimed,  moreover,  though 

itFildn-,  Jour.  Inf.  Dis.,  July,  1911,  p.  0.  'Gotdberffer  and  Anderaoa,   Pub. 

EetAlii  Report,  Wuh.,  Much,  1912;  ibid.,  May  31,  1912. 
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on  the  basis  of  insufficieat  proof,  that  infection  may  take  place  throi^ 
the  air,  without  actual  contact. 

Rarely  the  disease  may  be  transmitted  to  man.  Such  infection, 
when  it  does  take  place,  occurs  usually  among  the  milkers  and  attend- 
ants in  dairies,  and  is  transmitted  by  direct  contact.  The  disease  in 
man  is  usually  very  mild.  Mohler  states  that  the  disease  may  be  trans- 
mitted to  man  by  the  milk  of  infected  animals.  He  '  adds  that  in  the 
United  States  the  disease  has  been  practically  eradicated. 

The  causative  agent  of  foot-and-mouth  disease  is  unknown.  A  num- 
ber of  organisms  have  been  cultivated  from  the  vesicles  and  mucous 
m«nbranes  of  afflicted  animals,  but  none  of  these  could  be  shown  to 
have  etiological  significance.  Loeffler  and  Frosch,*  have  demonstrated 
that  the  virus  contained  in  the  vesicles  may  pass  through  the  pores  of  a 
filter.  The  virus  is  easily  destroyed  by  heating  to  60°  C.  and  by  com- 
plete desiccation. 

One  attack  of  foot-and-mouth  disease  protects  against  subsequent 
attacks.  This  immunity  in  most  cases  lasts  for  years,  though  rare  cases 
of  recurrence  within  a  single  year  have  been  reported.  Loeffler  has  ac- 
tively immunized  horses  and  cattle  with  graded  doses  of  virus  obtwned 
from  vesicles  and  with  the  sera  of  such  animals  has  produced  passive 
immunity  in  normal  subjects. 

nLTKABLB  VIRV8 

Recent  investigations  into  the  causation  of  disease  have  revealed 
that  a  considerable  number  of  infections  may  be  caused  by  organisms 
too  small  to  be  held  back  by  filters  through  which  even  the  smallest 
bacteria  cannot  pass.  The  earUest  observations  of  such  "filtrable 
vims"  are  probably  those  of  Frosch  (1898)  in  foot-and-mouth  disease 
and  of  Beijerinck  in  the  mosaic  disease  of  tobacco.  Since  then  similar 
investigations  have  shown  that  a  laige  number  of  diseases  are  probably 
caused  by  such  minute  organisms;  their  investigation,  long  delayed 
by  the  behef  in  their  invisibility  by  even  the  most  powerful  microscopic 
aid,  and  by  our  inability  to  cultivate  them,  has  taken  new  impetus  from 
the  discovery  of  and  the  cultivation  of  minute  globoid  bodies  from  the 
virus  of  poliomyelitis  by  Flexner  and  Ni^uchi  (see  below).  The  follow- 
ing tabulation  m  based  largely  on  the  comprehensive  simomary  published 
by  Wolhach.' 

■  Mohler,  Bull.  No.  41,  U.  8.  Pub.  Health  and  Mar.  Hoep.  Serv.,  Waah.,  1908. 
*  Lo^ffer  und  Frosek,  Cent.  f.  Bakt.,  1,  IQOS. 

■  Wolbaeh.  Jour,  of  Med.  Ree.,  xxvii,  1912. 
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CHAPTER  m 

BACTERIA   IN  THE  AIE  AND  SOIL 

BAOTSRU  IN    THI  AIB 

Bacteria  reach  the  air  largely  from  the  earth's  surface,  home 
aloft  by  currenta  of  air  sweeping  over  dry  places.  Their  presence  In 
air,  therefore,  is  lai-gely  dependent  upon  atmospheric  conditions;  humid- 
ity and  a  lack  of  wind  decreasing  their  numbers,  dryness  and  high 
winds  increasing  them.  Multiplication  of  bacteria  during  transit 
through  the  air  probably  does  not  take  place. 

Apart  from  these  considerations  the  presence  of  bacteria  in  air  also 
depends  upon  purely  local  conditions  prevailing  in  different  places. 
They  are  most  plentiful  in  densely  populated  areas  and  within  buildings, 
such  as  theaters,  meeting  halls,  and  other  places  where  large  numbers  of 
people  congregate.  On  mountain  tops,  in  deserts,  over  oceans,  and  in 
other  uninhabited  regions,  the  air  is  comparatively  free  from  bacteria. 
A  classical  illustration  of  this  fact  ia  found  in  the  experiments  which 
Pasteur  carried  out  in  his  refutation  of  the  doctrine  of  spontaneous 
generation.  Tyndall  also,  in  working  upon  the  same  subject,  demon- 
otrated  this  fact.  From  the  surface  of  the  ground  and  other  places 
where  bacteria  have  been  deposited,  they  reach  the  air  only  after 
complete  drying.  It  is  a  fact  of  much  importance,  both  in  bacterio- 
logical work  and  in  sui^ery,  that  bacteria  do  not  rise  from  a  moist 
surface.  From  dry  surfaces  they  may  rise,  but  only  when  the  air  is 
a^tated  either  by  wind  or  by  air-currents  produced  in  other  ways. 
In  closed  rooms,  therefore,  even  when  bacteria  are  plentiful  and  the  walls 
and  floors  are  perfectly  dry,  there  is  little  danger  of  the  inhalation  of 
bacteria  unless  the  air  is  agitated  in  some  way.  The  most  favorable 
conditions  for  the  occurrence  of  many  bacteria  in  air  are  the  existence 
of  a  prolonged  drought  followed  by  a  dry  wind.  Under  such  condi- 
083 
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tioDs,  even  the  dark  places  and  unlighted  comers  of  streets  and  habita- 
tions are  thoroughly  dried  out,  and  bacteria  are  taken  up  and  carried 
about  together  with  particles  of  dust.  At  such  times  the  dangers  from 
inhalation  are  much  multiphed.  By  experiments  made  in  balloons, 
it  has  been  found  that  bacteria  are  plentiful  below  altitudes  of  about 
fifteen  hundred  feet  and  may  be  present,  though  much  reduced  in 
numbers,  as  high  up  as  a  mile  above  the  earth's  surface.  The  species 
of  bacteria  found  in  the  air  are,  of  course,  subject  to  great  variation, 
depending  u[>on  locality.  Molds  and  spore-forming  bacteria,  being 
more  regularly  resistant  to  the  effects  of  sunlight  and  drying  than 
bacteria  posaessing  only  vegetative  forms,  are  naturally  more  generally 
distributed. 

Out  of  air  thus  laden  with  bacteria,  they  may  again  settle  when  the 
wind  subsides  and  the  air  becomes  quiescent.  The  process  of  settling, 
however,  is  extremely  slow,  since  the  weight  of  a  bacterium  is  probably 
less  than  a  billionth  of  a  gram,  and  it  may  be  held  in  suspension  in  air 
for  considerable  periods.  Rains,  snow,  or  even  the  condensation  of 
moisture  from  a  humid  atmosphere,  hastens  this  process  considerably, 
and  large  quantities  of  bacteria  may  settle  out  from  air,  in  a  com- 
paratively short  time,  in  ice  chests,  in  operating  rooms,  or  in  other  places 
in  which  much  condensation  of  wate^  vapor  takes  place. 

The  importance  of  the  air  as  a  means  of  conveying  disease  is  still  a 
problem  upon  which  much  elucidation  is  needed.  The  importance  of 
this  maimer  of  conveyance  in  smallpox,  in  measles,  in  scarlet  fever, 
and  in  other  exanthemata,  can  not  be  denied.  As  regards  the  dis- 
eases of  known  bacterial  origin,  conveyance  by  air  is  of  importance 
in  the  case  of  tuberculosis,  where  infection  by  inhalation  may  take 
place,  and  in  the  case  of  anthrax,  where  inhaled  anthrax  spores  may 
give  rise  to  the  pulmonary  form  of  the  disease.  The  importance  of  air 
conveyance  for  any  great  distance  in  pneumonia,  in  influenza,  in  diph- 
theria, and  in  meningitis  is  by  no  means  clear  and  requires  much  fur- 
ther study.  The  expulsion  of  bacteria  from  the  lungs  and  naso-pharynx 
does  not  take  place  during  simple  expiration,  since  an  air-current  pass- 
ing over  a  moist  surface  is  not  sufficient  to  dislodge  microoi^anisms. 
Expulsion  of  bacteria  in'  these  conditions  must  take  place  together  with 
small  particles  of  moisture  carried  out  in  sneezing,  coughing,  or  any 
forced  expiration.  The  bacteria  thus  discharged  are  then  subject  to  the 
process  of  drying  and  often  are  exposed  to  direct  sunlight  for  a  con- 
siderable period  before  they  are  again  taken  up  in  the  air. 

The  methods  of  estimating  the  bacterial  contents  of  the  air  are  oot 
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entirely  satisfactoiy.  The  simple  exposure  of  uncovered  gelatin  or  agar 
plates  for  a  definite  length  of  time,  and  Bubaequent  estimation  of  the 
colonies  upon  the  plates,  yield  a  result  which  is  variable  according  to  the 
air-currents  and  the  degree  of  moisture  in  the  atmosphere,  and  furnish 
no  volume  standard  for  comparative  results.  The  methods  which 
are  in  use  at  the  present  time  depend  upon  the  suction  of  a  definite 
quantity  of  air  by  means  of  a  vacuum-pump  through  some  substance 
which  will  catch  the  bacteria.  One  of  the  first  devices  used  for  this  pur- 
pose was  that  of  Hesse,  who  sucked  air  through  a  piece  of  glass  tubing, 
about  70  cm.  long  and  about  3.5  cm.  in  diameter,  the  inner  surface  of 
which  had  been  coated  with  gelatin  in  the  manner  of  an  Esmarch  roll 
tube.  This  method  is  not  efficient,  since  a  large  number  of  the  bacteria 
may  pass  entirely  through  the  tube  without  settling  upon  the  gelatin. 
One  of  the  most  satisfactory  methods  at  present  in  use  is  that  in  which 
definite  volumes  of  air  are  sucked  through  a  sand-filter.  Within  a 
small  glass  tube,  a  layer  of  sterilized  quartz  sand,  about  4  cm.  in 
depth,  is  placed.  The  sand  is  kept  from  being  dislodged  by  a  small 
wire  screen.  After  the  air  has  been  sucked  through  the  filter  the 
sand  ia  washed  in  a  definite  volume  of  sterile  water  or  salt  solution, 
and  measured  fractions  of  this  are  planted  in  agar  or  gelatin  in  Petri 
plates.  The  colonies  which  develop  are  counted.  Thus,  if  two  liters 
of  air  have  been  sucked  through  the  filter,  and  the  sand  has  been 
washed  in  10  c.c.  of  salt  solution,  and  1  c.c.  of  this  is  planted,  with 
the  result  of  fifteen  colonies,  then  the  two  liters  of  air  have  contained 
one  hundred  and  fifty  bacteria. 


BAOTIRU  IN  son. 

Besides  the  normal  bacterial  inhabitants  of  the  soil,  bacteria  reach 
the  soil  from  the  air,  in  contaminated  waters,  in  the  dejecta,  excreta, 
and  dead  bodies  of  animals  and  human  beings,  and  in  the  substance  of 
decaying  plants.  It  is  self-evident,  therefore,  that  the  distribution  of 
bacteria  in  soil  depends  largely  upon  the  density  of  population  and  the 
use  of  the  soil  for  agricultural  or  other  purposes.  Thus,  bacteria  are  most 
plentiful  in  the  neighborhood  of  cess-pools  or  in  manured  fields  and  gar- 
dens. Such  conditions,  however,  may  be  regarded  as  abnormal.  Even 
m  uncultivated  fields  there  is  a  constant  bacterial  flora  in  the  soil  which 
is  of  great  importance  in  its  participation  in  the  nitrogen  cycle,  a  phase 
of  the  bacteriology  of  soil  which  has  been  discussed  in  detail  in  anothet 
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section.  (See  page  40.)  There  u«,  thus,  regular  &ndnonnaliiihabitaiit9 
of  the  soil  which  fulfil  a  definite  function  &nd  may  be  found  wherever 
plant  Life  fiouriehA.  In  addition  to  these,  innumerable  varieties  of  sapro- 
phytes and  pathogenic  genns  may  be  present,  which  vary  in  species 
and  in  number  with  local  conditions.  Numerous  investigations  into 
the  actual  numerical  contents  of  the  soil  have  been  made.  Houston ' 
found  an  average  of  1,500,000  bacteria  per  gram  in  garden  soil,  and 
about  100,000  bacteria  per  gram  in  the  arid  soil  of  uncultivated  regions. 
Fraenkel,'  in  studying  the  horizontal  distribution  of  bacteria  in  the  earth, 
has  found  that  they  are  most  numerous  near  the  surface,  a  gradual 
diminution  occurring  down  to  a  depth  of  about  two  yards.  Beyond 
this,  the  soil  may  be  of  ten  practically  sterile. 

Pathogenic  bacteria  may  at  times  be  found  in  the  surface  layers, 
and  these  are  often  of  the  spore-bearing  varieties.  Most  important 
among  them  from  the  medical  standpoint  are  the  bacillus  of  tetanus,  of 
malignant  edema,  and  the  Welch  bacillus.  If  a  guinea-pig  is  inoculated 
subcutanoously  with  an  emulsion  of  garden  soil,  death  will  result  almost 
invariably  with  enormous  bloating  and  swelling  of  the  body  due  to  gas 
production.  This  is  due  to  the  fact  that  the  spore-bearing,  gas-producing 
anaerobic  bacilli  are  commonly  present  and  are  actively  pathogenic  for 
these  animals.  The  frequent  occurrence  of  tetanus  in  persons  su^t^n- 
ing  wounds  of  the  bare  feet  and  hands  in  fields  and  excavations,  is  a 
matter  of  common  knowledge.  Anthrax,  also,  may  be  easily  convcycl 
by  soil  in  localities  where  animals  ape  suffering  from  this  infection,  it 
is  not  probable  that  pathogenic  germs  which  are  not  spore-bearers  sur- 
vive in  the  soil  for  any  great  length  of  time.  Unless  the  soil  is  specially 
prepared  by  the  presence  of  defecations  or  other  other  organic  materia!, 
the  nutrition  at  their  disposal  is  not  at  all  suitable  for  their  needs, 
since  rapid  decomposition  of  or;ganic  materials  by  saprophytes  is  always 
going  on  in  the  upper  layers.  Furthermore,  in  the  deeper  layers  the  con- 
ditions of  temperature  and  possiblyoxygen  supply  are  not  at  all  f  avorab'e 
for  the  growth  of  most  pathogenic  bacteria.  Within  a  short  distance  from 
the  surface  the  temperature  of  the  soil  usually  sinks  below  14°  or  15°  C. 
An  mteresting  series  of  expeiiments  by  Fraenkel  *  have  demonstrate**! 
this  point.  This  investigator  buried  freshly  inoculated  agar  and  gelatin 
cultures  of  cholera  spirilla  and  of  typhoid  and  anthrax  bacilli  at  difTer- 
ent  levels,  and  examined  them  for  growth  after  two  weeks  had  elapsed 

■  Houtlon,  Report  Med.  Officer,  Local  Govern.  Bd.,  London,  1897. 
'  Fnenk^,  Zeit.  f.  Hyg.,  ii,  1887. 
»  Fraenktt,  Zeit.  t.  Hyg.,  si,  1887. 
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The  uithrax  bacilli  hardly  ever  showed  giowih  at  a  depth  below  about 
two  yards,  and  cholera  aad  typhoid  developed  coloniea  at  these  depths 
only  during  the  summer  months.  Under  natural  conditions  it  must  be 
nanembered  that,  at  these  levels,  suitable  nutritive  material  is  not 
found. 

A  coQBideration  of  practical  importance  in  this  connection  is  the 
possibility  of  infection  by  means  of  buried  cadavers.  An  elaborate  series. 
of  experiments  has  been  carried  out  upon  this  subject  in  Germany,  with 
resuits  which  demonstrate  that  the  danger  from  the  burial  of  persons 
dead  of  infectious  diseases  was  formerly  much  exaggerated.  Eiperi- 
menta*  iisually  failed  to  reveal  the  presence  of  cholera  and  typhoid 
bacilli  within  two  to  three  weeks  after  bunal,  and  tubercle  bacilli  were 
never  found  after  three  months  bad  elapsed.  It  was  only  in  the  case 
of  sporulating  microorganisms,  such  as  the  anthrax  bacillus,  that  the 
living  incitants  could  be  found  for  as  long  as  two  years  after  burial.  The 
dangers  of  infection  of  human  beings  through  the  agency  of  soil, 
therefore,  are  chiefly  those  arising  from  the  spore-bearing  bacteria  which 
are  able  to  remain  alive  in  spite  of  the  unfavorable  cultural  conditions. 
It  has  been  found  by  some  observers,'  however,  that,  under  special  con- 
ditions, non-sporulating  bacteria,  more  especially  the  typhoid  bacillus, 
may  rem^n  alive  in  soil  for  several  months.  Although  these  bacteria, 
as  well  as  those  of  cholera,  diphtheria,  etc.,  can  not  proliferate  under  the 
conditions  found  in  the  soil,  the  fact  that  they  can  remain  viable  for  such 
prolonged  periods  in  the  upper  layers  suggests  the  possibility  of  danger 
from  the  use  of  unwashed  vegetables,  such  as  lettuce  or  radishes  or  other 
soil  and  sewage  contaminated  food  products.  The  examination  of  soil 
for  colon  bacilli,  while  demonstrating  the  presence  or  absence  of  manure 
or  sewage  contamination,  has  no  practical  value,  since  colon  bacilli  are 
found  in  the  dejecta  of  animals. 

Examination  of  specimens  of  soil  for  their  numerical  bacterial 
contents  is  extremely  unsatisfactory  because  the  bacteria  there  found 
can  hardly  ever  all  be  cultivated  together  under  one  and  the  same 
cultural  environment.  A  large  number  are  anaerobic,  others  again 
thrive  at  low  temperatures,  while  again  another  class  may  require  un- 
usually high  temperatures.  When  such  examinations  are  made,  how- 
ever, specimens  of  the  soil  from  the  surface  layer  may  be  taken  in  a 
stenle  platinum  spoon.     When  taken  from  the  lower  levels,  a  drill, 

>  Pttfi,  Arb.  a.  d.  kais.  Gesundbeitsamt,  vii. 

»  Firth  and  Harrockt,  Brit.  Med.  Jour.,  Sept..  1902: 
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such  as  that  devised  byFraenkel,  maybe  used.  This  consists  of  anlnm 
rod  the  lower  end  of  which  is  pointed.  Just  above  the  point  a  movable 
collar  is  fitted.  This  collar  has  a  slit-like  opening.  The  rod  beneath  the 
collar  has  a  deep  longitudinal  groove  corresponding  to  the  sUt  in  the 
collar.  A  flange  on  the  collar  pennite  opening  and  closing  of  the  groove 
while  the  instrument  is  below  the  ground.  The  drill  is  forced  into  the 
earth  to  the  desired  depth,  the  groove  is  opened  and  earth  is  forced  into 
the  chamber  by  twisting  the  rod.  In  the  same  manner  the  groove  may 
be  closed.  The  soil  obtained  in  this  way  is  taken  out  of  the  chamber 
and  a  definite  quantity,  say  one  gram,  is  dissolved  and  washed  thor- 
oughly in  a  measured  volume  of  sterile  water  or  sterile  salt  solution. 
Fractions  of  this  are  then  mixed  with  the  culture  medium,  plated,  and 
cultivated  aerobically  or  anaerobicalty  as  desired. 
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CHAPTER   UII 
BACTERIA  IN  WATER 

All  natural  waters  contain  a  more  or  lees  abundant  bacteiial  flora. 
This  fact,  combined  with  our  knowledge  that  the  incitants  of  several 
epidemic  diseases  and  a  number  of  minor  ailments  of  a  diarrheal  char- 
acter are  water  borne,  gives  the  bacteriological  investigation  of  water  a 
place  of  great  importance  in  hygiene.  In  nature,  there  are  very  few 
sources  of  water  supply  which  do  not  contain  bacteria  of  one  or  another 
description.  While  pathogenic  bacteria  are  usually  not  present  except 
in  those  waters  which  are  directly  contaminated  from  human  sources,  a 
thorough  understanding  of  the  quantitative  and  qualitative  bacterial 
contents  of  all  natural  waters  is  necessary  in  order  that  we  may  in- 
telligently gather  comparative  data  as  to  the  fitness  of  any  given  water 
for  human  consumption. 

The  gross  appearance  of  water  is  rarely,  if  ever,  an  indication  of  its 
danger.  The  turbid  waters  of  running  streams  in  sparsely  populated 
agricultural  districts  may  be  safe,  while  perfectly  clear  well  waters 
subjected  to  the  dangers  of  contamination  from  neighboring  sinks 
or  ceas-pools  may  contain  large  numbers  of  pathogenic  germs. 

The  diseases  which  are  known  to  be  more  directly  connected  with 
water  supply  are  typhoid  fever  and  cholera.  , 

Typhoid  germs  discharged  from  the  bowel  or  from  the  urine  of 
typhoid  patients  or  convalescents  may  be  carried  by  the  sewage  or  from 
the  neighboring  soil  into  a  river  or  lake  and  lead  to  infection  of  the 
population  deriving  its  drinking  water  from  this  source.  There  are  a 
great  many  investigations  on  record  in  which  severe  typhoid  epidemics 
have  been  traced  to  such  sources. 

In  the  case  of  cholera,  where  the  germs  are  discharged  from  the  bowels 
in  enormous  numbers,  conveyance  of  the  disease  by  water  is  even  more 
apparent,  and  the  discoverers  of  the  cholera  germ  themselves,  in  their 
early  work  in  Egypt  and  India,  were  able  to  isolate  the  bacteria  from 
contaminated  water  supplies. 

In  regard  to  the  less  clearly  understood  diarrheal  diseases,  dysen-- 
tery,  cholera  infantum,  etc.,  the  direct  relation  to  water  supply  has  not 
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been  ao  definitely  proven,  and  can  be  deduced  only  from  the  diminu- 
tion of  Buch  infections  after  the  substitution  of  pure  water  for  the  pre- 
viously used  impure  supply.  It  is  thus  seen  that  water  bacteriolc^y  is 
one  of  the  most  important  branches  of  the  science  of  hygiene,  and  has 
led,  and  is  constantly  leading,  to  enormous  diminution  of  the  death  rate 
in  all  communities  where  an  intelligent  study  of  the  conditions  has  been 
made. 

The  bacterial  purity  of  natural  waters,  although  dependent  upon 
special  and  local  conditions  in  relation  to  possible  contamination,  differs 
widely,  according  to  the  source  from  which  such  waters  are  derived. 

Rain  water  and  snow  water  are  usually  cootaniihated  with  bacteria 
by  the  dust  which  they  gather  on  their  way  to  the  ground,  and  are 
especially  rich  in  bacteria  when  taken  during  the  first  few  hours  of  a 
rain  or  snow  storm  when  the  air  is  still  dusty  and  filled  with  fiosting 
particles.  During  the  later  hours  of  prolonged  storms,  rain  water  and 
snow  water  may  be  comparatively  sterile.  Miquel,'  who  made  exten- 
sive experiments  in  France  on  the  bacterial  contents  of  rain  water, 
found  that  in  country  districts,  where  the  air  is  less  dusty,  rain  water 
contained  an  average  of  about  4.3  bacteria  to  the  cubic  centimeter. 

The  bacterial  counts  of  snow  water  are  usually  somewhat  higher  than 
those  of  rain. 

The  waters  of  streams,  ponds,  and  lakes  are  usually  spoken  of  as 
surface  waters,  and  these  of  all  natural  supplies  contain  the  largest  num- 
ber of  bacteria.  In  each  ease,  of  courBc,  the  quantitative  and  quali- 
tative bacterial  flora  of  such  waters  is  intimately  dependent  upon  the 
conditions  of  the  surrounding  countrj',  the  density  of  the  population, 
and  the  relation  of  these  waters  to  sewage.  It  is  also,  and  to  no  less 
important  degree,  dependent  upon  weather  conditions,  the  influence  erf 
light  and  temperature,  and  the  food  supply  contained  within  the  waters 
in  the  form  of  decayed  vegetation.  In  all  such  surface  waters  there  is 
constantly  going  on  a  process  of  self-purification.  The  chief  factor  id 
this  process  is  sedimentation.  In  stagnant  ponds  and  lakes  with  but 
sluggish  currents  there  is  a  constant  sedimentation  of  the  heavier 
particles,  which  gradually  but  steadily  leads  to  a  diminution  of  the 
'  number  of  bacteria  in  the  upper  layers  of  the  water.  In  rivers  where 
sedimentation  is  to  a  certain  extent  prevented  by  rapidity  of  current, 
the  effectiveness  of  such  sedimentation  is,  of  course,  entirely  dependent 
upon  the  speed  of  the  current, 

'  Miqud,  R«rue  dl^ys-r  viii,  1886. 
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The  inBueoce  of  ligHt  in  purifying  surface  waters  is  important  chiefly 
in  ponda,  lakes,  and  sheets  of  water  which  expose  a  large  surface  to  the 
sunlight,  and  where  the  surroundings  are  such  that  the  sun  has  free  access 
throughout  the  day.  According  to  the  researches  of  Buchner,'  the  bac- 
tericidal effects  of  light  penetrate  through  water  to  a  depth  of  three  feet. 

The  effects  of  temperature  in  purifying  surface  waters  under  natural 
conditions  are  probably  not  great.  There  is,  however,  a  general  tendency 
toward  ditoinution  of  the  bacterial  flora  as  the  temperature  of  such 
waters  becomes  lower. 

The  presence  of  protozoa  in  natural  waters  as  purifying  agents  has 
recently  been  emphasized  by  Huntemuller,*  who  claims  that  these  organ- 
isms by  phagocytosis  greatly  diminish  the  number  of  bacteria  in  any 
^ven  body  of  water.  It  is  self-evident  that  the  number  of  bacteria  in 
any  of  these  waters  is  never  constant,  since  all  factors  which  tend  to  a 
diminution  or  increase  in  volume,  such  as  drying  up  of  tributary  streams, 
or  the  occurrence  of  heavy  raios,  would  lead  to  differences  of  dilution 
'  which  would  materially  change  numerical  bacterial  estimations.  The 
influence  of  rains,  furthermore,  may  be  a  twofold  one.  On  the  one  hand, 
heavy  rain-falls,  by  washing  a  large  amoimt  of  dirt  into  the  riverg  and 
lakes  from  the  surrounding  land,  have  a  tendency  to  increase  the 
bacterial  flora.  This  influence  would  be  especially  marked  in  all  bodies 
of  water  which  are  surrounded  by  cultivated  land  where  manured  fields 
and  grating-meadows  supply  a  plentiful  source  of  bacteria.  On  the 
other  hand,  in  regions  where  arid,  uninhabited  lands  surround  any 
given  river  or  lake,  the  rain  would  cany  with  it  very  little  living  con- 
tamination and  would  act  chiefly  as  a  diluent  and  diminish  the  actual 
proportion  of  bacteria  in  the  water. 

Another  and  extremely  important  source  of  water  supply  is  that' 
spoken  of  technicaUy  as  "ground  water."  The  "groundwaters"  include 
the  shallow  wells  employed  in  the  country  districts,  springs,  and  deep 
or  artesian  wells.  The  shallow  wells  that  form  the  water  supply  for  a 
large  proportion  of  farms  in  the  eastern  United  States  are  usually  very 
rich  in  bacteria  and  are  by  no  means  to  be  regarded  as  safe  sources,  ex- 
cept in  cases  where  great  care  is  observed  as  to  cleMiiiness  of  the  surr 
roundings.  In  such  wells  the  filtration  of  the  water  entering  the  well 
may  be  subject  to  great  variation  according  to  the  geological  con- 
ditions of  the  surrounding  ground.  The  proximity  of  bams  and  6ink.t 
may  lead  to  dangerous  contamination  of  such  waters. 

1  Budmer,  Arch.  f.  Hyg.,  xvii;  1895.       ■  Hiaaem&Oer,  Arch.  f.  Hyg..  liv  1906. 
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Examinations  by  various  bacteriologists  have  shown  that  such  wells 
frequently  contain  ae  many  as  five  hundred  bacteria  to  the  cubic  centi- 
meter. 

Perennial  spring  waters  are  usually  pure.  Examinations  by  the  Mas- 
sachusetts State  Board  of  Health  '  in  1901  showed  an  average  of  about 
forty  bacteria  per  cubic  centimeter.  As  sources  of  water  supply  for 
general  consumption,  however,'  springs  can  hardly  be  very  important 
because  of  the  insignificant  quantities  usually  derived  from  them. 

Of  much  greater  practical  importance  are  deep  artesian  welb,  which, 
imder  ordinary  conditions,  are  largely  free  from  bacterial  contami- 
nation. 

QuantitatlTe  Kstlmatloiui  ut  Baetwla.— The  quantitative  estima- 
tion of  bacteria  in  water  is  of  necessity  inexact,  because  of  the  difficulty 
of  always  securing  fair  average  samples  from  any  large  body  of  water, 
and  because  of  the  large  variations  in  cultural  requirements  of  the 
flora  present  in  them.  All  these  methods  depend  upon  colony  enumera- 
tion in  plates  of  agar  or  gelatin,  preferably  of  both.  For  the  sake  ol 
gaining  some  basis  of  comparison  for  results  which,  at  best,  can  never  be 
entirely  accurate,  an  attempt  has  been  made  by  the  American  Public 
Health  Association'  to  standardize  the  methods  of  analysis. 

Water  for  analysis  should  always  be  collected  in  clean,  sterile  bottles, 
preferably  holding  more  than  100  c.c.  If  water  is  to  be  taken  from  a 
runnii^  faucet  or  a  well  supplied  with  piping,  it  is  important  that  it 
should  be  allowed  to  run  for  some  time  before  the  sample  is  taken,  in 
order  that  any  change  in  bacterial  content  occurring  inside  of  the  pipes 
may  be  excluded.  It  is  obvious  that  in  water  pipes  through  which 
the  flow  is  not  constant,  bacteria  may  find  favorable  conditions  for 
growth  and  such  a  sample  would  not  represent  fairly  the  supply  to  be 
tested.  When  the  water  is  taken  from  a  pond,  lake,  or  cess-pool,  the 
bottle  may  be  lowered  into  the  water  by  means  of  a  we^ht,  or  may  be 
plunged  in  with  the  hand,  great  care  being  exercised  not  to  permit  con- 
tamination from  the  fingers  to  occur. 

After  the  water  has  been  collected  it  is  important  to  plate  it  before 
the  bacteria  in  it  have  a  chance  to  increase.  The  changes  taking  place 
during  transportation,  even  when  packing  in  ice  has  been  resorted  to, 
have  been  found  by  Jordan  and  Irons  *  to  be  considerable.    It  is  impera- 

'  Maee.  State  Bd.  of  Health,  Xid  Annual  Report  for  IflOI. 

»  Fuller,  TfEDS.  Amcr.   Public  Health  Ahbd.,  xmu,   1902.     Report  of  Com.  on 
Standard  Methods  of  Water  Analysis.    Jour.  Inf.  Dis.,  Suppl.  1,  190S. 
■Jordan  and  Irons,  Reports  of  the  Amer.  Pub.  Health  Assa.,  xxv,  tSSft. 
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tive,  therefore,  that  plating  of  the  water,  if  possible,  siiall  not  be  delayed 
for  longer  than  one  or  two  hours  after  collection. 

Bactariologlcal  Examination  of  Water. — In  describii^  the  meth- 
ods of  bacteriological  examinations  of  water,  we  adhere  strictly  to  the 
recommendations  of  the  Committee  on  Standard  Methods  of  the 
American  PubUc  Health  Association,'  taking  the  following  paragraphs 
with  slight  changes  from  their  report  of  1915: 

It  should  be  remembered  that  quantitative  estimations  of  bacteria 
in  water  are  of  most  value  when  repeatedly  done  and  a  "normal"  for 
the  particular  water  supply  has  been  established,  so  that  deviation 
from  this  "normal"  can  be  easily  recognized.  Single  isolated  deter- 
minations may  easily  lead  to  error. 

The  following  paragraphs  are  taken  without  change  from  the  Public 
Health  Association's  report: 

"Since  gelatine  does  not  give  the  totaJ  number  of  bacteria  in  the  water,  the 
coimnittee  has  thou^t  it'wise  to  use  agar  incubated  at  37°  C.  as  a  standard 
medium.  This  admits  of  counts  in  one  day  instead  of  two,  and  gives  reaulte 
on  the  kind  of  bacteria  growing  at  blood  temperature  and  therefore  more 
nearly  related  to  pathogenic  types. 

"Media.- — The  standard  medium  for  determining  the  number  of  bacteria 
in  water  shall  be  nutrient  agar.  All  variations  from  this  medium  shall  be 
considered  special  media.  If  any  medium  other  than  standard  agar  is  used, 
this  fact  shall  be  stated  in  the  report- 

"For  general  work  the  standard  reactiwi  shall  be  +1  per  cent,  but  for  long 
continued  work  upon  water  from  the  same  source  the  optimum  reaction  shall 
he  ascertained  by  experiment  and  thereafter  adhered  to.  If  the  reaction  used, 
however,  is  different  from  the  standard,  it  shall  be  so  stated  in  the  report. 

"Procedure.— Shake  at  least  25  times  the  bottle  which  contains  the  sample. 
Withdraw  one  c.c.  of  the  sample  mth  a  sterilized  pipette  and  deUver  it  into 
a  sterilised  Petri  dish,  10  cm.  in  diameter.  If  there  be  reason  to  suspect  that 
the  number  of  bacteria  is  more  than  200  per  c.c,  mix  one  c.c.  of  the  sample 
with  nine  c.c.  of  sterilized  tap  or  distilled  water.  Shake  25  times  and  measure 
one  c.c.  of  the  diluted  sample  into  a  Petri  dish.  If  a  higher  dilution  be  required 
proceed  in  the  same  manner,  e.g.,  one  c.c.  of  the  sample  to  99  c.c.  of  sterilized 
water,  or  one  c.c.  of  the  once  diluted  sample  to  nine  c.c.  of  steriUzed  water,  and 
so  on.  In  the  case  of  an  unknown  water  or  a  sewage  it  is  advisable  to  use  sev- 
eral dilutions  for  the  same  sample.  To  the  hquid  in  the  Petri  dish  add  10  c.c.  of 
standard  ^Rr  at  a  temperature  of  about  40°  C.  Mix  the  medium  and  water 
thoroughly  by  tipping  the  dish  back  and  forth,  and  spread  the  contents  uni- 
formly over  the  bottom  of  the  plate.    Allow  the  agar  to  cool  rapidly  on  a  hori- 

■  Amer.  P.  H.  A.,  Stand.  Meth.  Exam.  Water  and  Sewage,  1915, 
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Eontal  surface  and  transfer  to  the  37°  C.  incubator  as  aoon  as  it  if  bard. 
Incubate  the  culture  for  24  hours  at  a  t«mperature  of  37^  C.  in  a  dark,  wdl- 
ventilAted  incubator  where  the  atmosphere  is  practically  Baturat«d  with  mois- 
ture.' After  the  period  of  incubation  place  the  Petri  dish  on  a  ^am  plate 
suitably  ruled  and  count  the  colonies  with  the  aid  of  a  lens  which  magnifies 
at  least  five  diameters.  So  far  as  practicable  the  number  of  colonies  upon  the 
plate  shall  not  be  aIIowe<l  to  exceed  200.  The  wiiole  number  of  colonies  upon 
the  plate  shall  be  counted,  the  practice  of  counting  a  fractional  part  being 
resorted  to  only  in  case  of  necessity. 

"It  will  be  found  advantageous  to  use  Petri  dishes  with  porous  earthenware 
eovers  in  order  to  avoid  tlie  spreadiogof  colonies  by  the  water  of  condensation.* 

"Expreamim  of  Results. — In  order  to  avoid  fictitious  accuracy  and  yet  to 
express  the  numerical  results  by  a  method  consistent  with  the  preciaoa  <rf  the 
work  the  rules  given  below  shall  be  followed: 

"Numbers  of  Bacteria' per  c.c. 


100 

500 

1,000 

10,000 

50,000 

100,000" 

Qualitatin  Bacterial  Analyses  of  Watw. — Of  far  greater  importance 
than  quantitative  analysis  is  the  isolation  of  bacteria  either  distinctly 
pathogenic,  such  as  tbe  cholera  spirillum  and  the  typhoid  bacillus, 
or  of  other  species  probably  emanating  from  contaminatii^  sources, 
such  as  a  6.  coli.  Unfortunati'ly  there  are  no  reliable  methods  by  which 
typhoid  and  cholera  germs  can  be  isolated  from  water  wi£b  any  degree 
of  n^ularity  or  certainty.  Although  frequently  the  isolation  of  such 
organisms  is  passible,  a  negative  result  in  these  cases  is  by  no  means 
elimi native  of  their  presence. 

The  isolation  of  typhoid  bacilli  from  water  ia  very  difficult,  chiefly 
because  of  the  great  dilution  which  contaminations  undergo  upon  enter- 
ing any  lai^e  body  <)f  water.  The  difficulty  of  isolating  typhoid  bacilli, 
even  from  the  .stools  of  infeet^'d  patients,  makes  it  clear  that  such  diffi- 

'  WhippU,  Tech.  Qiiar.,  1899.  12,  p.  276. 
■  HHi,  Jour.  Med.  Res.,  I9<M,  N.  S.,  S,  p.  93. 
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culties  are  enhanoed  vhen  a.  considerable  dilution  of  the  excreta  takes 
place.  Furthermore,  water  is  by  no  means  a  favorable  medium  for  the 
typhoid  bacillus.  Russell  and  Fuller  '  have  shown  that  typhoid  bacilli 
may  die  in  water  within  five  days,  and  it  is  unquestionable  that  the 
rate  of  increase  of  these  bacteria  is  by  no  means  equal  to  that  of  many 
othw  microorganisms  for  which  polluted  water  at  the  temperature  en- 
countered in  streams  and  lakes  forms  a  much  more  favorable  medium. 

It  ia  thus  clear  that  even  in  infected  waters  the  number  of  typhoid 
badlH  encountered  can  never  be  very  great.* 

A  latige  number  of  methods  for  the  isolation  of  the  typhoid  bacillus 
fmn  water  have  been  devised.  Most  of  the  media  used  are  identical 
with  those  employed  tor  the  isolation  of  these  bacteria  from  the  stools. 
Hese  media  have  been  discussed  in  the  chapter  dealing  with  the  typhoid 
bacUIua.  Success  is  rendered  more  likely  if  10  c.c.  of  the  water  is  first 
planted  Into  lactoee-bpe  in  fermentation  tubes  holding  40  c.c.  After 
48  hours  at  37.5°  there  will  be  an  enrichment  of  typhoid  bacilli  which 
can  be  then  isolated  by  plating  in  the  usual  manner  (see  p.  134  and 
135)  on  Endo's  medium,  Conra«^  Drigulski  or  any  of  the  other  usual 
differentia  media. 

Ametfaod  which  has  proved  useful  in  the  hands  of  Adami  and  Chapin ' 
is  one  which  depends  upon  the  phenomenon  of  a^lutination.  They  at- 
t«npt  to  ag^utinate  the  bacilli  out  of  liter  samples  of  water  by  adding 
powerful  a^utinating  serum. 

VaUet  and  others  have  attempted  to  precipitate  typhoid  bacilli  out 
<^  water  by  chemical  means.  To  two  litera  of  ^ater  add  20  c.c.  of  a  7.75 
per  cent  solution  of  sodium  hyposulphite  and  20  c.c.  of  a  10  per  cent  solu- 
tion of  lead  nitrate.  When  the  precipitate  has  settled,  the  clear  super- 
natant fiuid  is  decanted  and  the  precipitate  dissolved  in  a  saturated 
aodimo  hyposulphite  solution.  This  clear  solution  is  then  plated.  Will- 
son  *  has  modified  this  method  by  adding  to  the  water  0.5  gm.  of  alum 
to  each  IHer.  The  supernatant  fiuid  b  removed  and  the  precipitate 
plated.  ■ 

The  isolation  of  the  vibrio  of  cholera  is  less  difficult  than  that  of  B. 
typhosus,  primarily  because  of  the  much  greater  numbers  of  these 
microorganisms  discharged  into  sewage.  The  number  of  cholera  spirilla 
in  the  excreta  of  cholera  patients  is  enormously  higher  than  is  that  of 

I  Ruftdl  and  FvMer,  Jour.  Inf.  Dis.,  SuppL  2,  I90S. 

*  LatBt  and  AndermK,  Rep.  of  Med.  Officer,  LondoD  County  Council,  1894. 
■  Adami  and  Chapin,  Jour.  Med.  Res.,  xl,  1904, 

•  WUhon,  Jour,  of  Hyg.,  v,  1905. 
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B.  typhofiUB  in  the  stools  of  typhoid-fever  patieDts.  ^  It  is  not  infre- 
quent, therefore,  that  the  source  of  a  cholera  infection  may  be  directly 
traced  to  the  water  supply,  Koch,'  the  discoverer  of  the  cholera  vibrio, 
has  indicated  a  method  which  has  frequently  found  successful  application. 

To  100  c.c.  of  the  infected  water  are  added  one  per  cent  of  pepton 
and  one  per  cent  of  salt.  This  mixture  is  then  incubated  at  37,5°  C, 
and  after  ten,  fift«en,  and  twenty  hours,  specimens  from  the  upper 
layt^rs  are  examined  microscopically  and  are  plated.  The  scum  from  the 
surface  of  such  a  medium  may  be  plated  on  the  starch  agar  of  Stokes 
and  Haechtel,^  on  which  colonies  of  intestinal  spirilla  will  appear  pink 
and  spreadit^. 

Because  of  the  great  difficulties  outlined  above  in  isolating  spedGc 
pathogenic  germs  from  polluted  waters,  bacteriologists  hay;e  attempted 
to  form  an  approximate  estimation  of  pollution  by  the  detection  of  other 
microorganisms  which  form  the  predominating  flora  of  sewage„  Chief 
among  these  is  B.  coli.  The  isolation  and  numerical  estimaUon  of  B. 
coli  in  polluted  water  has  been  for  a  lor^  time  one  of  the  criteria  of  pollu- 
tion. This  so-called  colon  test,  however,  should  always  be  approached 
with  conservatism  and  should  never  be  carried  out  qualitatively  only. 
Careful  quantitative  estimation  should  be  made  in  every  case. 

B.  coli  in  water  is  by  no  means  always  the  result  of  human  con- 
tamination, since  this  bacillus  is  found  in  great  abundance  in  the  in- 
testines of  domestic  animals.  According  to  Poujol,  B.  coli  does  not 
even  always  point  to  fecal  contamination,  since  this  author  was  able  to 
.find  the  bacillus  in  the  water  of  a  number  of  wells  where  no  possible 
contamination  of  any  sort  could  be  traced.  Prescott'  explains  this,  as 
well  as  similar  cases,  by  the  fact  that  organisms  of  the  colon  group  may 
occasionally  be  parasitic  upon  plants. 

The  opinions  of  hygienists  are  widely  at  variance  as  to  the  value  of 
the  colon  test.  While  trhe  discovery  of  isolated  bacilli  of  the  colon  group 
may  therefore  be  of  little  value,  it  is  nevertheless  safe  to  follow  the  opin- 
ion of  Houston,^  who  states  that  the  discovery  of  B.  coli  in  copadersble 
numbers  invariably  points  to  sewage  pollution,  and  that  the  absolute 
absence  of  B.  coli  is,  as  a  rule,  rehable  evidence  of  purity. 

■  Koch,  Zeit.  f.  Hyg.,  xiv,  1893. 

'  Stokee  and  Hnechul,  see  Report  19IS  A.  P.  H.  A.,  on  Water  Analysis.  Th* 
medium  is  an  agar  with  R..5  (crams  agar,  5.0  meat  extract,  10.  Pepton  and  8,5  N«C1 
to  litre  to  which  is  added  10  grams  of  soluble  starch. 

'  PrexcoU,  Scienoe,  xv,  1903. 

*  Hotaton,  Rep.  Medical  Officer,  Local  Gov.  Board,  London,  1000. 
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Rosenau  states  that  a  ground  water  should  be  condemned  even  if 
only  a  few  colon  bacilli  are  found,  for,  as  he  puts  it,  "  these  bacteria  have 
no  business  in  a  soil-filtered  and  properly  protected  weU  or  spring- 
water."  Surface  waters,  however,  may  easily  contain  a  few  colon  bacilli 
without  necessarily  having  been  exposed  to  contamination  by  human 
forces.  The  limit  of  safety,  Rosenau  states,  is  one  colon  bacillus  per  c.c. 
If  more  are  present  the  water  should  be  regarded  as  suspicious.  If  more 
than  10  per  c.c.  are  found  the  water  must  be  r^arded  as  dai^crous 
and  nnqaalifiedly  condemaeil. 

ppesnmptiTe  Colon  Terti. — For  this  purpose,  a  large  number  of 
methods  have  been  devised.  In  examining  sewage  or  other  polluted 
waters  in  which  the  number  of  colon  bacilli  is  comparatively  lai^e,  the 
direct  use  of  lactose  htmus  agar  plates  yiplds  excellent  results.  The 
metliod  advised  by  the  American  Public  Health  Association  is  as  follows: 

"Add  the  quantities  of  w^ter  or  sewage  to  be  tested  to  fermentation  tubca 
holding  at  least  40  cubic  centimeters  of  lactose  bile,'  incubate  at  37°  C.  and 
note  the  production  of  gas.  The  standard  time  for  observing  gas  production 
is  48  hours.  Small  numbers  of  somewhat  attenuated  B.  coli  may  require  three 
days  to  form  gas.  Attenuated  B.  coli  does  ndt  represent  recent  contamination 
mtd  all  B.  coli  not  attenuated  grows  readily  in  lactose  bile.  No  other  organiiim 
except  B,  WelchJi  pves  such  a  test  in  lactose  bile,  B.  Welchii  is  of  rather  rare 
occurrence  in  water,  is  of  fecal  ori^,  is  almost  invariably  accompanied  by  B. 
coli,  and  the  sanitary  ^gnificancc  is  the  same. 

"A  comparison  of  the  positive  results  obtavned  in  the  various  dilutions  of 
the  water  or  sewage  planted  into  the  lactose  bile  gives  a  good  idea  of  the  rela- 
tive amount  of  contamination  in  the  various  samples  examined. 

"Quantities  of  Water  Teded. — For  ordinary  waters,  0.1, 1.0  and  10.0  c.c.  shall  be 
used  for  the  colon  test.  For  sewage  and  highly  polluted  surface  waters,  smaller 
quantities  shall  be  used;  and  for  ground  wat«rs,  filtered  waters,  etc.,  the  quan- 
tities shall  be  larger,  if  necessary  to  obtain  positive  results.  The  quantities 
shall  vary  preferably  in  the  tenfold  manner  indicated.  Single  tests  with  quan- 
tities which  give  ordinarily  a  positive  result  or  ordinarily  a  negative  result  are 
in  themselves  of  but  Uttle  account  for  quantitative  determinations.  The  range 
in  quantities  studied  shall  be  sufRcicnt  to  allow  the  quantities  needed  for  both 
a  positive  and  a  negative  result  to  be  recorded  for  each  sample.  When  this  is 
done,  the  results  of  several  tests  allow  an  approximate  estimate  of  the  number 
of  B.  coli  per  c.c." 

The  identification  of  colon  bacilli  so  obtained  should  then  be  under- 
taken. The  followii^  table,  again  taken  from  the  report  of  the  A.  P.  H. 
A.,  will  be  of  help: 

>  PreKoU,  Science,  xvi,  1002. 
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CHAPTER  LIV 

BACTERIA     IN    MILK    AND    MILK    PRODUCTS,    BACTERIA     IN    THE 
INDUSTRIES 

BAOTKRIA    III    MILK 

TtaB  universal  use  of  cows'  milk  as  a  food,  especially  for  the  nourish- 
ment of  infants,  has  necesaitated  its  close  study  by  bacteriologists  and 
hygteniatfi.  It  furnishes  an  excellent  culture  medium  for  bacteria  and 
is,  tiierefore,  pre-eminently  fitted  to  convey  the  germs  of  infectioua  dis- 
ease. The  nuuiy  changes  which  take  place  in  milk,  furthermore,  and 
which  add  or  detract  from  its  nutritive  value,  are  due  largely  to  bacterial 
growth  and  have  been  elucidated  by  bacteriological  methods. 

Within  the  udder  of  the  healthy  cow,  milk  is  sterile.  If  pyogenic  or 
sjrstemic  diseases  of  bacterial  origin  exist  in  the  cow,  the  milk  may, 
under  certain  circumstances,  be  infected  even  within  the  mammary 
glands.  In  the  milk  ducts  and  in  the  teats,  however,  even  in  perfectly 
healthy  animsjs,  a  certain  number  of  bacteria  may  be  found.  For  this 
reason,  even  when  all  precautionary  measures  are  followed,  the  milk 
as  received  in  the  pail  is  usually  contaminated.  As  a  matter  of  fact, 
tile  anatomical  location  of  the  udder  and  the  mechanical  difficulties  of 
miHfing  make  it  practically  impossible  to  collect  milk  under  absolutely 
aseptic  conditions,  and,  under  the  best  circumstances,  from  100  to  500 
microorganisms  per  c.c.  may  usually  be  found  in  freshly  taken  milk. 
Withdrawn  under  conditions  of  ordinary  cleanliness,  the  bacterial 
contents  of  milk  are  considerably  higher  than  this.  After  the  proc- 
ess of  milking,  in  spite  of  all  practicable  precautions,  the  chances 
tor  the  contamination  of  milk  are  considerable;  but  even  could  these 
be  dimiuated,  the  bacterial  contents  of  a  given  sample  would  ultimately 
rapidly  increase  because  of  the  rich  culture  medium  which  the  milk 
provides  for  bacteria.  Whether  large  mcreases  shall  take  place  or  not  de- 
pends, in  the  first  place,  upon  th&  temperature  at  which  milk  is  kept,  and, 
in  the  second  place,  upon  the  length  of  time  which  intervenes  before  its 
consumption.    Though  fresh  milk  possesses  slight  bactericidal  powers,' 
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these  arc  by  no  means  sufficient  to  be  of  practical  importEUice  in  the 
inhibition  of  bacterial  growth.  Kept  at  or  about  freezing-point,  the 
bacterial  contents  of  milk  do  not  appreciably  increase.  At  higher  tem- 
peratures, however,  a  rapid  propagation  of  bacteria  takes  pliice  which, 
especially  during  the  summer  months,  speedily  leads  to  enormous  num- 
beis.  In  a  case  reported  by  Park,'  where  milk,  containing  at  the  fint 
examination  30,000  microorganisms  per  cubic  centimeter,  was  kept 
at  30°  C.  {86°  F.)  for  twenty-four  hours,  the  count  at  the  end  of  this 
time  yielded  fourteen  bilUona  of  bacteria  for  the  s&me  quantity. 

It  is  of  much  importance,  therefore,  that  the  cleanliness  of  dairies, 
of  cattle,  and  in  the  handling  of  milk  should  be  reinforced  by  the  utmost 
care  in  chilling  and  icing  during  shipment  and  before  sale. 

Because  of  its  great  importance,  especially  for  the  health  of  the  chil- 
dren in  large  cities  during  the  summer  months,  the  milk  question  has, 
of  recent  years,  received  much  attention  from  health  officers.  In  the 
city  of  New  York,  the  question  has  been  made  the  subject  of  mftnf 
careful  studies  by  Park '  and  his  associates.  Commissions,  woridng 
in  Chicago,'  Boston,^  and  other  large  towns,  have  placed  the  sale  of  milk 
under  more  or  leas  exact  bacteriological  supervision.  Park  has  de- 
termined that  the  milk,  as  sold  in  New  York  stores  during  the  eoW 
weather,  not  infrequently  averages  seven  hundred  and  fifty  thousand 
bacteria  per  cubic  centimeter;  during  the  hot  summer  months,  the 
bacterial  contents  of  similar  milk  not  infrequently  average  one  million 
and  more,  for  the  same  quantity.*  In  consequence  o(  these  and  other 
researches,  large  dairies  have  introduced  bacteriological  precautions 
into  their  method  of  milk  production.  They  have  attempted  the  reduc- 
tion of  the  bacterial  contents  of  milk  by  scrupulous  cleanliness  of  the 
bams  and  of  the  udders  and  teats  of  the  cow,  by  the  elimination  of  dis- 
eased cattle,  by  sterilization  of  the  vessels  in  which  the  milk  is  received, 
and  of  the  hand,'^  of  the  milker;  also  by  the  immediate  filteiii^  and 
cooling  of  the  milk  and  the  packing  of  the  milk  cans  in  ice,  where 
they  remain  until  delivered  to  the  consumer.  In  consequence  of  such 
measures,  it  is  possible  for  cities  to  he  supplied  with  milk  containing  do 
more,  and  often  less,  than  fifty  thousand  bacteria  to  the  cubic  centimeter. 
A  standard  of  cleanliness  has  been  established  in  various  towns  by  the 

>Park,W.  ff.,"PftthogenicBftoteria,':New  York,  1905,  p.  463. 

>  Park,  Jour,  of  Hygiene,  1,  1001. 

■  Jordan  and  Heinemann,  Rep.  of  the  Civic  Federation  of  Chicago,  1004. 

•  Sedgwick  and  Batchdder,  Best.  Med.  and  Surg.  Jour.,  126, 1892. 

'  Etcherich,  Fort.  d.  Medizin,  16  and  17, 1886. 
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introduction  of  the  so-called  "certified  milk,"  which,  by  the  Hew  York 
Milk  Commissioa,  is  required  to  contain  no  more  than  thirty  thousand 
bacteria  per  cubic  centimeter.  Great  stress  Is  laid  upon  such  numerical 
counts  simply  in  that  they  are  approximate  estimates  of  clcanlineaB. 
Most  of  the  bacteria,  however,  contained  in  milk  are  non-pathogenic, 
and  auid3ors  much  larger  than  the  maximum  required  for  certified  milk 
may  be  present  without  actual  disease  or  harm  following  iis  coosump- 
tioQ. 

The  various  species  of  bacteria  which  may  be  found  in  milk  include 
dmost  all  known  vaiieties.  Whether  there  are  special,  so-called  milk 
bacteria  or  not  is  a  question  about  which  investigators  have  expressed 
widely  differing  opinions.  It  is  probable  that  many  of  the  species, 
fonnerly  r^arded  as  specifically  belonging  to  milk,  are  there  simply  by 
virtue  of  their  halbitual  presence  in  fodder,  straw,  or  bedding,  or  upon 
cattle.  It  is  likely,  furthermore,  that  some  of  these  species  are  found 
with  great  re^uliuity  because  of  their  power  to  outgrow  other  species 
under  the  cultural  conditions  offered  them  in  milk. 

Under  normal  conditions,  milk  always  undergoes  a  process  which  is 
popularly  known  as  souring  and  curdling.  This  is  due  to  the  forma- 
tion of  lactic  acid  from  the  milk  sugar  and  is  the  result  of  the  enzymatic 
activities  of  several  varieties  of  bacteria  commonly  found  in  milk.  Most 
(xmunon  among  these  bacteria  is  the  so-called  Bacillus  lactis  aerogenes, 
an  encapsulated  bacillus  closely  related  to  the  colon-bacitlus  group.  (See 
page  451.)  The  transformation  of  the  lactose  into  lactic  acid  may  occur 
either  directly  by  hydrolytic  cleavage: 

C„  H„  0„  +  H,0  =  4  C3  H,  O,; 
or  indirectly  through  a  monosaccbarid, 

C„  H„  0„  +  H,  O  =  2  C,  H,j  0,  =  4  C,  H,  O,. 
Other  microorganisms  which  may  cause  lactic-acid  fermentation  in 
milk  are  the  so-called  Streptococcus  lacticus,  the  common  pyogenic 
streptococcus,  the  Staphylococcus  aureus.  Bacillus  coli  communis  and 
communior,  and  many  other  species.  Most  commonly  concerned  in  lactic- 
acid  production,  however,  according  to  Heinemann,'  are  the  two  first- 
mentioned,  Bacilhis  lactis  aerogenes  and  Streptococcus  lacticus.  The 
secret  of  the  regularity  with  which  some  of  these  bacttsria  are  present  in 
sour  milk  is  probably  found  in  the  ability  of  these  varieties  to  withstand 
a,  much  higher  degree  of  acidity  of  the  culture  medium  than  other  species. 


'  HeintTnann,  Jour,  of  Inf.  Dis.,  3, 1906. 
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In  consequence,  they  are  able  to  persist  and  devdop  when  cultural  con- 
ditions are  absolutely  unsuited  to  other  bacteria. 

Consequent  upon  acidification  of  the  milk  by  laotic-actd  fonnatioD, 
there  is  coagulation  of  casein.  Casein  precipitation,  however,  may 
also  be  due  to  a  non-acid  coagulation  caused  by  a  baeterial  ferment. 
Casein  precipitated  in  this  way  may  be  redisM^ved  by  a  bacterial 
trypsin  or  casease,  produced  by  the  same  or  other  bacteria,  the  milk 
again  becoming  entirely  liquid,  transparent,  and  of  a  yellowish  cotor. 
The  casein  precipitated  by  lactic-acid  formation,  however,  is  never 
thus  redissolved,  because  the  high  acidity  does  not  permit  the  pro- 
teolytic fennents  to  act.' 

Butyric-acid  fermentation  in  milk, a  common  phenomenon,  is  abo  an 
evidence  of  bacterial  growth.  As  a  rule,  it  is  produced  by  the  anaen^ic 
bacteria,  and  is  a  process  developing  much  more  slowly  than  other  fer- 
mentations. A  lai^e  number  of  bacteria  have  been  described  which 
are  capable  of  producing  such  changes,  the  chemical  process  by  which 
they  are  produced  being,  as  yet,  not  entirdy  understood.  It  is  probable 
that  the  process  takes  place  after  hydrolysis  of  the  disaccharid  suae- 
what  according  to  the  following  formula: 

C,  Hu  O,  =  C.  H,  O,  +  2  CO,  +  2  H^ 

Special  bacteria  have  been  described  in  connection  witfc  this  form  of 
milk  fermentation,^  most  of  them  non-pathogenic.  It  is  unqueetioiiable, 
however,  that  many  of  the  well-known  pathogenic  bacteria,  such  as 
Bacillus  aerogenes  capsulatus.  Bacillus  oedematis  tnialigui,  possess  the 
power  of  similar  butyric-acid  formation.  While  less  commonly  observed 
in  milk,  because  milk  ia  rarely  kept  long  enough  to  permit  of  the  action 
or  development  of  these  enzymes,  the  butyric-acid  fennentation  is  of 
importance  in  connection  with  butter,  where  it  is  one  of  the  causes  pro- 
ducing rancidity. 

Alcoholic  fermentation  may  take  place  in  milk  as  a  result  of  the  ac- 
tivities of  certain  yeasts.  Upon  the  occurrence  of  such  fenneDtattons 
depends  the  production  of  kefyr,  koumys,  and  other  beverages  which 
have  been  in  common  use  for  many  years,  especiidly  in  the  region  of  the 
Caucasus.  The  characteristic  quality  of  these  beverages  is  contrib- 
uted by  the  feeble  alcoholic  fermentation  produced  by  members  of  the 
saccharomyces  group,  but  side  by  side  with  this  procees  lactio-acid  fonna- 

>  Conn.  Exper.  Stat.  Rep.,  1892, 

>  SehalUnfroh  und  Oraaberger,  Arch,  f.  Hyg.,  37,  190a 
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tion  also  takes  place,  Bcijerinck/  who  has  carefully  studied  the  so- 
called  kefyr  seeds,  used  for  the  production  of  kefyr  in  the  East,  has 
isolated  from  them  a  form  of  yeast  similar  in  many  respects  to  the 
ordinary  beer  yeast,  and  a  large  bacillus  to  which  he  attributes  the 
lactic-acid  formation. 

Occasional  but  uncommon  changes  which  occur  in  milk  lead  to  the 
formation  of  the  so-called  "slimy  milk,"  yellow  and  green  milk,  and 
bitter  milk.  These  may  be  due  to  a  number  of  bacteria.  A  microorgan- 
ism which  is  commonly  found  in  connection  with  the  slimy  changes  in 
milk  is  the  so-called  Bacillus  lactis  viscosus.  According  to  the  researches 
of  Ward,'  this  microorganism  is  frequently  derived  from  water  and  it  is 
the  water  supply  which  should  attract  attention  whenever  such  trouble 
occurs  in  dairies. 

The  ao-called  blue,  green,  and  yellow  changes  are  usually  due  to 
chroipogenic  bacteria,  such  as  Bacillus  cyanogenes,  Bacillus  prodigiosus, 
and  others. 

.  "Bitter  milk,"  a  condition  which  has  occasionally  been  observed  epi- 
demically, is  also  the  consequence  of  the  growth  of  microorgaoisms. 
Conn,'  in  1891,  isolated  from  a  specimen  of  bitter  cream  a  diplococcus 
which  occasionally  forms  chains  and  which  in  sterilized  milk  develops 
rapidly,  producing  an  extremely  bitter  taste.  The  organism  of  Conn 
differs  from  a  similar  diplococcus  described  by  Wagmann  *  in  that  it 
possesses  the  ability  of  producing  butyric  acid. 

Ifilk  in  Ealatloa  to  Infectioiis  DiMase. — As  a  source  of  direct  in- 
fection, milk  is  second  only  to  water,  and  deserves  close  hygienic  at- 
tention. A  large  number  of  infectious  diseases  have  been  traced  to  milk, 
although  the  actual  proof  of  the  etiological  part  played  by  it  in  such  cases 
has  often  been  difficult  to  adduce  and  has  necessarily  been  indirect. 
Nevertheless,  even  when  indirect  proof  only  has  been  brought,  it  has  been 
sufficiently  convincing  to  necessitate  the  most  careful  investigation  into 
milk  supplies  whenever  epidemics  of  certain  infectious  maladies  occur. 

Typhoid-fever  epidemics  have  been  frequently  traced  to  milk  in- 
fection, and,  in  this  disease,  milk  is,  next  to  water,  the  most  frequent 
etiological  factor.  Schuder,'  in  an  analysis  of  six  hundred  and  fifty 
typhoid  epidemics,  found  four  hundred  and  sixty-two  attributed  to 

'  Beijerinck,  Cent.  f.  Bakt,,  vi,  1889. 

»  Ford,  Bull.  185,  Cornell  Univ.  Agri.  Exp.  Stat.,  1899. 

»C(ifw»,Cent.  t.  Bakt.,  ix,  1891. 

'  Wagmann,  Milctutg.,  1890. 

*8dtilder,  Zeit.  t.  Hyg.,  xxzviii,  1901. 
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water,  one  hundred  and  ten  to  milk,  and  seventy-eight  to  all  other 

Traak '  compiled  statistics  of  one  hundred  and  Beventy-nine  typhoid 
epidemics  supposed  to  have  been  caused  by  milk,  in  various  parts  of  the 
world.  In  alt  such  epidemics  the  origin  of  infection  was  gcnei-ally  trace- 
able to  diseased  or  convalescent  persons  employed  in  dairies,  to  con- 
taminated well  water  used  in  washing  milk  utensils,  or  to  the  ase  of  cans 
and  bottles  returned  from  dwellings  where  typhoid  fever  had  existed. 
.\ctual  bacteriological  proof  of  the  infectiousness  of  milk  by  the  isolation 
of  Bacillus  typhosus  is  rare,  but  has  been  accomplished  in  isolated  in- 
stances. In  the  cflse  of  one  epidemic,  Conradi '  isolated  the  bacillus  from 
the  milk  on  sale  at  a  bakery  at  which  a  large  number  of  the  infected 
individuals  had  purchased  their  milk.  The  examination  of  market  milk 
at  Chicago,  through  a  period  of  eight  years,  revealed  the  presence  of 
typhoid  bacilli  but  three  times. 

In  spite  of  the  few  cases  in  which  actual  bacteriological  proof  haa  been 
brought,  it  is  not  unlikely  that  careful  and  systematic  researches  would 
reveal  a  far  greater  numl>er,  since  many  writers  have  shown  that  typhoid 
bacilli  may  remain  alive  in  niw  milk  for  as  long  as  thirty  days,'  and 
may  actively  proliferate  in  the  milk  during  this  time.  One  peculiarity 
of  epidemics  which  may  aid  in  arousing  the  suspicion  that  they  have 
originated  in  milk  is  that,  in  such  cases,  women  and  children  aro  far 
more  frequently  attacked  than  men.* 

A  feature  which  adds  considerably  to  the  dangers  of  milk  infection 
is  the  unfortunate  absence  of  any  gross  changes,  such  as  coagulation, 
by  the  growth  of  typhoid  bacilli. 

Scarlet  fever,'  though  as  yet  of  unknown  etiology,  has  in  many  cases 
been  traced  indirectly  to  milk  infection.  Trask  has  collected  fifty-one 
epidemics  of  scarlet  fever  presumably  due  to  milk.  In  one  epidemic 
occurring  in  Norwalk,  Conn,,'  twenty-nine  cases  were  distributed  among 
twenty-five  families  living  in  twenty-four  different  houses.  The  indi- 
viduals affected  did  not  attend  the  same  school,  and  were  of  entirely 
different  social  standing,  the  only  factor  common  to  all  of  them  being 
the  milk  supply. 

TrfMjt.  Bull.  No.  4I,U.  S.  Pub.  Health  and  Mar,  Hosp.  Serv.,  Wash. 

>  Cmiradi,  Cent,  f.  Bakt..  I,  xl,  1905. 

>  Ueim.  Arb,  a.  d.  kaia.  Gesundheitsamt,  v, 
'  WUckens,  Zeit.  f.  Hyg.,  xxvii,  1898. 

•  Troik.  loc.  cit, 

»  Herbert  E.  Smith,  Rep.  Conn.  State  Bd.  of  Health,  1897. 
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Diphtheria  has  been  frequently  traced  to  the  use  of  infected  miUt. 
In  most  of  the  epidemics  reported  as  originating  in  thb  way,  the  proof 
has  been  necessarily  indirect.  In  two  out  of  twenty-three  epidemics 
reported  by  Trask,  however,  Bacillus  diphtherias  was  isolated  from 
the  milk  directly.  The  ability  of  the  Klebs-Loeffler  bacillus  to  proliferate 
and  remain  alive  for  a  long  while  in  raw  milk  has  been  demonstrated 
by  Eyr^  '  and  others. 

Whether  or  not  cholera  asiatica  may  be  transmitted  by  means  of 
milk  has  beenadisputed  question.  Hesse'claims  that  cholera  spirilla  die 
out  in  raw  milk  within  twelve  hours.  This  statement,  however,  has  not 
been  home  out  by  other  observers.'  Unquestionable  cases  of  direct 
transmission  of  cholera  by  means  of  milk  have  been  reported  by  a  num- 
ber of  writers,  notably  by  Simpson.* 

The  relation  of  milk  to  the  diarrheal  diseases  of  infants  has,  of  late 
years,  'received  a  great  deal  of  attention.  In  large  cities,  during  the 
summer  months,  numerous  cases  of  infantile  diarrhea  among  bottle- 
fed  babies  occur,  which,  in  many  instances,  are  attributed  to  feeding  with 
contaminated  milk.  Park  and  Holt,'  who  have  toade  extensive  re- 
searches upon  this  question  in  New  York  City,  have  come  to  the  con- 
clusion that  the  harmful  effects  of  contaminated  milk  upon  babies 
can  not  be  ascribed  to  any  given  single  microorganism  in  the  milk. 
Specifically  toxic  properties  were  found  by  these  writers  for  none  of  the 
one  hundred  and  thirty-nine  different  species  of  bacteria  isolated  from 
unsterilized  milk.  It  is  unlikely,  therefore,  that  the  diarrheal  diseases 
among  babies  have  a  uniform  bacteriological  cause.  Whether  or  not 
these  diarrheal  conditions  depend  entirely  upon  the  bacterial  contents 
of  milk  or,  in  a  lar^e  number  of  cases  at  least,  upon  the  inability  of  the 
child  to  digest  cows'  milk  because  of  chemical  conditions,  must  be  left 
undecided.  Park  and  Holt,  in  analyzing  their  extensive  data,  conclude 
that  milk  containing  "over  one  million  bacteria  to  the  cubic  centimeter 
is  certainly  harmful  to  the  average  infant." 

The  significance  of  the  presence  of  streptococci  in  milk,  as  an  element 
of  danger,  has  recently  received  much  attention  in  the  literature.  Heine- 
mann,*  who  has  made  a  careful  comparison  of   Streptococcus  lacticus 

'  Ej/re,  Brit.  Med.  Jour,  1899. 
»  Heaee,  Zeit.  f.  Hyg.,  xvii,  1894. 
'  Batenau,  Arch.  f.  Hyg.,  xxiii,  1895. 
>Simp»on,  Indian  Med.  Gaz.,  1887. 

•  Part  and  HoU.  Arch,  of  Fed-,  Dec.  1903. 

•  Heinemarm,  Jour.  Inf.  Dis.,  3,  1906.  ' 
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{formerly  spoken  of  as  Baciflus  acidi  lactici  [Kruse]),  with  other  strep- 
tococci, has  shown  that,  essentially,  this  streptococcus  does  not  diffn- 
from  streptoMicci  from  other  sources,  and  is  practically  indistiiiguish- 
able  by  cultural  methods  from  Streptococcus  pyc^enes.  Similar  com- 
parisons made  by  Schottmuller,'  Milller-,'  and  others  have  led  to  like  re- 
sults. Since  streptococci  may  be  found  in  milk  from  perfectly  normal 
cows  and  are  almost  regularly  associated  with  lactic-acid  fermenta- 
tion, it  is  unlikely  that  these  microorganisms  hold  ordinarily  any 
specific  relationship  to  disease. 

Recently,  however,  a  number  of  epidemics  of  sore  throat  caueed  by 
streptococci  have  been  traced  to  milk  upon  reasonably  reliable  evidence. 
Accounts  of  such  epidemics  in  Chicago  and  in  Baltimore  have  been 
published  by  Capps  and  Miller  *  and  by  Hamburger.* 

The  presence  of  pus  cells  and  leucocytes  in  milk,  together  with 
streptococci,  was  also  formerly  r^arded  as  of  great  importance. 
Enumerations  of  leucocjies  in  milk  were  first  made  by  Stokes  and 
Weggefarth.*  Their  method  of  enumeration  conrasted  in  centrifugaliz- 
ii^  a  definite  volimie  of  milk,  spreading  the  entire  sediment  over  a 
definite  area  on  a  slide,  and  counting  the  leucocytes  found  in  a  mmiber  of 
fields.  Calculations  from  this  may  then  be  made  as  to  the  number  of 
leucocytes  per  cubic  centimeter.  This  method,  and  modifications  of  it, 
have  been  used  by  a  lai^  number  of  observers,  but  the  value  of  the  con- 
clusions drawn  from  them  has  been  much  exa^erated.  Normal  milk 
may  contain  leucocytes  in  moderate  numbers,  and  importance  may  be 
attached  to  such  leucocyte  counts  only  when  their  number  lai^ly  ex- 
ceeds that  present  in  other  specimens  of  perfectly  normal  milk.  When- 
ever such  high  leucocyte  counts  are  found,  of  course,  a  careful  veteri- 
nary inspection  and  examination  for  pyc^enic  disease  should  be  made. 

Foot-and-mouth  disease,  an  infectious  condition  prevailing  am<Mig 
cattle,  characterized  by  a  vesicular  rash  on  the  mouth  and  about  the 
boofs,  has,  in  a  niunber  of  cases,  been  definitely  shown  to  be  transmitted 
to  man  through  the  ^ency  of  milk.  Notter  and  Firth'  reported  an 
epidemic  occurrii^  among  persons  supplied  with  milk  from  a  single  dairy 
in  which  foot-and-mouth  disease  prevailed  among  the  cows.     In  this 

'  SchoUmUlkr,  Miinch.  raed.  Woch.,  1903. 

'  Malkr,  Arch.  f.  Hyg.,  Ivi,  1906. 

'  Cappa  and  Miiier,  Jour.  A.  M.  A.,  June,  1912,  p.  1848. 

*  Hamburger,  Bull,  of  the  Johns  Hopk.  Hosp.,  xxiv,  Jan.,  1913. 
'  .Slakrs  and  Weggrfarlh,  Med,  News,  91,  1897. 

*  NolUr  and  Firth,  quoted  from  Hurington,  "Theoiy  and  Practice  of  Hygiene." 
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epidemic,  two  hundred  and  five  individuals  were  affected  with  vesic- 
lar  eruptions  of  the  throat,  with  tonsillitis  and  swellings  of  the  cervical 
lymph  nodes.     Similar  cases  have  been  reported  by  PottA 

Although  anthrax  has  never  been  definitely  shown  to  have  been 
conveyed  by  milk,  Boschetti' succeeded  in  isolating  living  anthrax 
bacilli  from  asample  of  milk  two  weeks  after  its  withdrawal  from  the  cow. 

Milk  and  Tvberculoais. — The  question  of  the  conveyance  of  tuber- 
culosis by  means  of  milk  is  a  subject  which,  because  of  its  great  im- 
portance, has  been  extensively  investigated  by  bacteriologi.sts.  A 
large  number  of  observers  have  succeeded  in  proving  the  presence  of 
tubercle  bacilli  in  the  milk  of  tuberculous  cows  by  intraperitoneal  in- 
oculation of  rabbits  and  guinea-pigs  with  samples  of  milk.  Such  posi- 
tive results  have  been  obtained  by  Bang,*  Hirschberger,*  Ernst,'  and 
many  others.  A  number  of  these  observers,  notably  Ernst,  have  shown 
that  tubercle  bacilli  may  be  present  in  the  milk  without  tuberculous  dis- 
ease of  the  udders.  In  an  examination  of  the  milk  supply  of  Washington, 
D.  C'  6.72  per  cent  of  the  samples  contained  tubercle  bacilli. 

The  path  of  entrance  of  the  bacilli  from  the  cow  into  the  milk  has 
long  been  a  subject  of  controversy.  That  the  bacilli  may  easily  enter 
the  milk,  when  tuberculous  disease  of  the  udder  is  present,  stands  to 
reason  and  is  universally  conceded.  It  is  now  believed  also,  on  the 
basis  of  much  experimentation,  that  in  systemically  infected  cows 
tubercle  bacilli  may  pass  through  the  maounaiy  glands  into  the  milk, 
without  evidence  of  local  disease  in  the  secreting  gland.  An  experi- 
.  ment  performed  by  the  Royal  British  Tuberculosis  Commissron '  illus- 
trates this  point.  A  cow,  injected  subcutaneously  with  tubercle  bacilh 
behind  the  shoulder,  began  to  discharge  tubercle  bacUU  In  the  milk 
within  seven  days  after  inoculation  and  continued  to  do  so  until  death 
iioai  generalized  tuberculosis. 

Milk  may  become  indirectly  contaminated,  furthermore,  with 
tubercle  bacilli  emanating  from  the  feces  of  cows.  It  has  been  shown 
that  tubercle  bacilli  are  present  in  the  feces  of  cattle  so  early  in  the 
disease  that  di^;nosis  can  be  made  only  by  a  tuberculin  test." 

Whether  or  not  contaminated  milk  is  common  as  an  etiological 

•  Pott,  Mttnch.  med.  Wodi.,  1S99.  >  BoaeheUi,  Giom.  med.  vet.,  1891. 

•  Banff,  Deut.  Zeit.  f.  Tierchem.,  xi,  18S4. 
*Htr»eWer(w,  Deut.  Arch.  f.  klin.  Med.,  xliv,  1889. 
•£m»i,  H.  C,  Amer.  Jour.  Med.  Sci.,  xcviii,  1890. 

•  Afidetvm.,  Bull.  No.  41.  U.  S.  Pub.  Health  and  Mar.  Hosp.  Serv.,  Wash.,  1908. 
'Quoted  from  Mohier,  P.  H.,  and  Mar.  Hosp.  Serv.  BuU.  41,  1908. 

■  Sehroedtr  and  CoUon,  Bull.  Bureau  Aniinal  loduatry,  Wash.,  1907. 
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factor  in  human  tuberculosis,  must  be  conaidered  at  present  as  an  un- 
settled question.  Behring,  at  the  Congress  of  Veterinary  Mediciae, 
at  Casscl,  in  1903,  advanced  the  view  that  pulmonary  tuberculosis  in 
adults  may  be  a  late  manifestation  of  a  milk  infection  contracted  dur- 
ing infancy.  He  stated  as  his  own  opinion,  moreover,  that  most  cases 
of  tuberculosis  in  man  are  traceable  to  this  origin.  The  problem  is  as 
difficult  of  solution  as  it  is  important.  In  bottle-fed  infants,  infection 
by  means  of  milk  unquestionably  occurs  with  considerable  frequency. 
Smith,'  Kossel,  AV'cber,  and  Huess,'  and  others,  have  isolated  tubereie 
bacilli  of  the  bovine  type  from  the  mesenteric  lymph  nodes  of  many 
infected  children.  Animal  experimentation  has,  furthermore,  revealed 
that  lesions  in  the  mesenteric  nodes,  as  well  as  later  in  the  bronchial 
lymph  nodes,  may  occur  as  a  consequence  of  feeding  tubercle  bacilli, 
without  any  demonstrable  lesions  in  the  intestinal  mucosa.  It  is  thus 
certain  that  infection  by  the  ingestion  of  tuberculous  milk  may  occur, 
especially  among  young  children  who,  as  is  well-known,  are  com- 
paratively susceptible  to  bacilli  of  the  bovine  type.  Whether  or  not  such 
infection  will  account  for  many  cases  of  tuberculosis  in  adults  is  a  ques- 
tion which,  for  final  solution,  will  require  much  more  investigation.  The 
sole  reliable  method  of  approaching  it  lies  in  determining  the  type, 
human  or  bovine,  of  the  bacilli  present  in  a  large  number  of  eases.  Ex- 
perience thus  far  seems  to  indicate  that  the  bovine  type  is  comparatively 
rare  in  the  pulmonary  disease  of  adults. 

The  value  of  the  tuberculin  reaction  for  diagnosis,  and  the  elimination 
of  all  cattle  showing  a  positive  reaction,  for  the  prevention  of  tubercu-  - 
losis,  can  not  be  overestimated.  The  failure  of  the  teat  in  diseased 
animals  is  rare,  and  an  accurate  diagncwis  can  be  established  in  over 
90  per  cent  of  diseased  animals'  The  assertion  that  the  cattle  are 
permanently  injured  by  tuberculin  injections  is  without  scientific  basis. 
If  this  test  were  conscientiously  carried  out,  and  infected  cattle  elim- 
inated, the  dangers  from  bovine  bacillus  infection  would  bo  practically 
eliminated,  for  there  are  but  few  instances  in  which  science  has  been  able 
to  furnish  such  definite  information  for  absolute  protection.  It  is  need- 
less to  say,  however,  that  ihe  carrying  out  of  such  precautions  is 
subject  to  great  expense  and  great  difficulties  of  organization. 

Dairy  inspection  is  practiced  in  the  vicinity  of  many  of  our  larger 

>  Smith,  Trans.  Assn.  Amer.  Phyaic,  18,  1903. 

» Koaset,  Wrber,  and  Huesa,  Tuberkul.  Arb.   a.  d.  kais.  C!«sUDdheitB&mt,  l9tM 
1905.  Hft.  1  and  3. 
*  Mohler,  loc.  cjt. 
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cities,  and  the  movement  ia  daily  gaining  ground.  Until  fully  estab- 
lished, however,  upon  a  financial  baais  which  brings  the  best  products 
within  the  means  of  the  poorer  classes,  other  ine.xpenaive  measures  to 
render  milk  safe  must  often  be  resorted  to. 

Sterilization  by  high  temperatures  is  objected  to  by  pediatricians 
because  of  the  physical  and  chetaiical  changes  produced  in  the  mjllc 
which  are  said  to  detract  from  its  nutritive  value. 

The  development  of  scurvy  and  rickets  in  infanta  haa  often  been 
attributed  to  the  use  of  eucb  milk.  These  objections,  however,  do  not 
apply  to  the  use  of  milk  which  has  been  subjected  to  the  process  of 
"pasteurization,"  By  this  term  ia  meant  the  heating  of  any  substance 
to  60°  C.  for  twenty  to  thirty  minutes.  The  process,  first  devised  by 
Pasteur  for  the  purpose  of  destroying  germs  in  wine  and  beer  in  which 
excessive  heating  was  supposed  to  injure  flavor,  brings  about  the  death  ■ 
of  all  microorganisms  which  do  not  form  spores — in  other  words,  of  all 
the  bacteria  likely  to  be  found  in  milk  which  can  give  rise  to  infection 
per  OS.  At  the  same  time  the  chemical  and  physical  constitution  of  the 
milk  is  not  appreciably  changed,  at  least  not  to  an  extent  which  renders 
it  less  valuable  as  a  food.  Statistics  by  Park  and  Holt '  have  shown 
strikingly  the  advantages  of  pasteurized  over  raw  milk  in  infant  feed- 
ing. Of  fifty-one  children  fed  with  raw  milk  during  the  summer  months, 
thirty-three  had  diarrhea,  two  died,  and  only  seventeen  remained 
entirely  well.  Of  forty-one  receiving  pasteurized  miJk,  but  ten  had 
diarrhea,  one  died,  and  thirty-one  remained  entirely  well  throughout 
the  summer.  The  actual  diminution  of  the  living  bacterial  contents 
of  milk  by  pasteurization  is  enormous,  the  milk  so  treated  often  con- 
taining not  more  than  one  thousand,  usually  less  than  fifteen  thou- 
sand,  living  bacteria  to  each  cubic  centimeter. 

Methods  of  Estimating  the  Number  of  Bacteria  in  Milk. — In  estimating 
the  number  of  bacteria  in  milk,  colon}'  counting  in  agar  or  gelatin  plates 
is  resorted  to.  Great  care  must  be  exercised  in  obtaining  the  specimens. 
If  taken  from  a  can,  the  contents  of  the  can  should  be  thoroughly  mixed, 
tince  the  cream  usually  contains  many  more  bacteria  than  the  rest  of 
t'le  milk.  The  specimen  ia  then  taken  into  a  sterile  test  tube  or  flask. 
If  the  milk  is  supplied  in  an  ordinary  milk  bottle,  this  should  be 
thoroughly  ahakcn  before  being  opened,  and  the  specimen  for  exam- 
ination taken  out  with  a  sterile  pipette.  Dilutions  of  the  specimen  can 
then  be  made  in  sterile  broth  or  salt  solution.     If  an  initial  dilution 

'  park  and  HiM,  loc.  cit. 
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of  1  :  100  is  made,  quantities  ranging  from  1  c.c.  to  0.1  c.c.  of  this  will 
furnish  0.01  c.c.  to  0.001  c.c,  of  the  milk,  respectively.  Inoculation  of 
properly  cooled  tubes  of  melted  neutral  agar  and  gelatin,  with  varying 
quantities  of  these  dilutions,  are  then  made  and  plates  poured.  After 
twenty- tour  to  forty-eight  hours  at  room  temperature  or  in  the  in- 
cubator, colony  counting  is  done  as  described  upon  page  161,  and  the 
proper  calculation  b  made.  In  samples  in  which  few  bacteria  are  ex- 
pected, direct  transference  of  1/20  or  1/40  of  a  c.c.  of  the  whole  milk 
into  the  afrer  may  be  made.  This  method  saves  time  bnt  ia  less  aceorate. 

Direct  Kethods  of  Conntins  Bacteria. — Direct  methods  of  counting 
bacteria  in  milk  have  recently  been  advised,  the  one  most  extensively 
tried  being  that  of  Prescott  and  Breed.  By  this  method  a  capillary 
tube  is  marked  to  measure  accurately  0.01  c.c.  This  amount  of  the 
milk  is  spread  over  a  square  cm.  on  a  microBCope  slide.  It  is  dried  in 
the  air  and  fixed  with  methyl  alcohol,  after  which  the  fatty  constituents 
can  be  dissolved  with  xylol.  It  can  then  be  stained  lightly  with  the  Jen- 
tier  stain.  The  bacteria  are  counted  under  an  oil  immersion  lens,  the 
tube  length  and  magnification  bein^  so  arranged  that  the  microscopie 
field  covers  1/50  sq.  mm.  A  standardized  eyepiece  micrometer  may  be 
used.  The  average  number  of  bacteria  found  in  such  fields  may  be 
multiplied  by  5,000  to  give  the  number  of  bacteria  contained  in  0.01 
c.c.  of  milk.  This  method  has  not  yet  displaced  the  one  of  plating 
and  does  not  promise  to  do  so  for  some  time. 

For.  the  isolation  of  special  pathogenic  bacteria  from  milk,  no  rules 
can  be  laid  down,  since,  in  every  case,  the  method  adfq>ted  to  the  par- 
ticular organism  sought  for  must  be  chosen. 

Tubercle  bacilli  can  be  isolated  from  milk  with  success  only  by 
guinea-pig  injection.  The  milk  is  centrifugalized  and  5  c.c.  of  the 
sediment,  together  with  some  of  the  cream  that  has  risen  to  the  tc^, 
is  intraperitoneal ly  or  subcutaneously  injected. 

The  control  of  milk  in  the  market  depends  upon  careful  legulations, 
which  must  include  care  of  cattle,  dairy  inspection  and  bacteriol(^cal 
control  of  the  delivered  milk.  This  is  a  subject  which  is  too  esrtenaive 
to  touch  upon  in  a  book  of  this  kind.  However,  a  general  idea  of  the 
methods  employed  may  be  obtained  by  studying  the  accompanying 
table,  which  is  taken  from  the  New  York  City  Deparimenl  of  Health 
Regulation  for  the  Sak  of  Milk  and  Cream. ' 

Bacteria  and  Butter. — Butter  is  made  from  cream  separated  from 
milk  either  by  standing  or  by  centrifugalization.  After  this,  the  cream 
is  agitated  by  churning,  which  brit^  the  small  fat-globules  into  mutual 
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contact,  allows  them  to  adhere  to  each  other  and  form  clumps  of  butter. 
H  has  been  a  matter  of  common  experience,  however,  that  unless  the 
cream  is  allowed  to  "ripen"  for  a  considerable  period  before  churning, 
the  reeulting  butter  lacks  the  particular  quality  of  flavor  which  gives  it 
its  market  value.  The  interval  of  ripening,  at  first  a  necessity  upon 
small  farms  where  cream  must  be  collected  and  allowed  to  accumulate, 
has  now  been  recognized  as  an  essential  for  the  production  of  the  beat 
grades  of  butter,  and  it  has  been  shown  that  the  changes  taking  place 
in  the  cream  during  this  period  are  referable  to  the  action  of  bacteria. 
Cream,  which  before  the  ripening  process  contains  but  50,000  bacteria 
to  each  cubic  centimeter,  at  the  end  of  a  period  of  "ripening"  will  often 
contain  many  millions  of  microorganisms.  At  the  same  time,  the  cream 
becomes  thick  and  often  sour. 

The  species  of  bacteria  which  take  part  in  this  process  and  which, 
therefore,  must  determine  to  a  large  extent  the  quality  of  the  end  prod- 
uct, are  various  and,  as  yet,  incompletely  known. '  Usually  some  variety 
of  tactic-add  bacilli  is  present  and  these,  as  in  milk,  outgrow  other  species 
and,  according  to  Conn,'  are  probably  essential  for  "ripening." 

It  would  be  of  great  practical  value,  therefore,  if  definite  pure  cul- 
tures of  the  bacteria  which  favor  the  production  of  agreeable  flavors 
could  be  distributed  among  diuries.  In  Denmark  this  has  been  attempt- 
ed by  first  pasteurizing  the  cream  and  then  adding  a  culture  of  bacteria 
i8olat«d  from  "favorable"  cream.  These  cultures,  delivered  to  the 
dairyman,  are  planted  in  sterilized  milk,  in  order  to  increase  their  quan- 
tity, and  this  culture  is  then  poured  into  the  pasteurized  cream.  In 
most  cases,  these  so-called  "starters"  are  not  pure  cultures,  but  mix- 
tures of  three  or  more  species  derived  from  the  original  cream. 

Adverse  accidents  in  the  course  of  butter-making,  such  as  "souring" 
or  "bittering"  of  butter,  are  due  to  the  presence  of  contaminating, 
probably  proteolytic,  microorganisms  in  the  cream  during  the  process  of 
"  ripening." 

As  a  means  of  transmitting  infectious  disease,  butter  is  of  importance 
only  in  relation  to  tuberculosis.  Obermtiller,'  Rabinowitch,*  Boyce,* 
and  others,  have  repeatedly  found  tubercle  bacilli  in  market  butter,  and 
Mohler,^  Washburn,  and  Rogers  have  recently  shown  that  these  bacilli 

>  Conn,  "Agricultural  Bacteriolo;^,"  Phila.,  ISOI. 

^ObenrtOler,  Hyg.  Rundschau,  U,  1897. 

*  BabitunmicA,  Zeit.  f.  Hyg.,  lucvi,  1897. 

«  Boyee  and  Woodii«ad,  Brit.  Med.  Jour.,  2,  1897. 

'Uohkr,  V.  S-  P.  H.  and  Mar.  Hosp.  Serv.  Bull.  41,  1908. 
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could  remain  alive  and  virulent  for  as  long  as  five  months  in  butter  kept 
at  refrigerator  temperature.  The  aeid-fast  butter  bacillus,  described  by 
Rabinowitch  as  similar  to  the  true  Bacillus  tuberculosis,  shows  decided 
cultural  and  morphological  differences  from  the  latter. 

Bacteria  and  ChMH. — The  conversion  of  millt  products  into  cheese 
consists  in  a  process  of  proteid  decomposition  which,  by  its  end  products, 
leucin,  tyrosin,  and  ammonia  compounds,  largely  determines  the  cheese- 
flavors.  The  production  of  cheese,  therefore,  is  due  to  the  action  of 
proteolytic  bacterial  enzymes '  and  the  variety  of  a  cheese  is  largely 
determined  by  the  microorganisms  which  are  present  and  by  the  cul- 
tural conditions  prevuling.  The  sterilization  of  cream,  or  the  additJOD 
of  antiseptics,  absolutely  prevents  cheese  production. 

The  organisms  which  are  concerned  in  such  processes  have  been  ex- 
tensively studied  and  attempts  have  been  made,  with  moderate  success, 
to  produce  a  definite  flavor  with  pure  cultures. 

In  the  production  of  cheese  the  two  varieties,  hard  and  soft  cheeses, 
depend  not  so  much  upon  the  bacterial  varieties  as  upon  the  differences 
in  the  treatment  of  the  curds  before  bacterial  action  has  begun.  In  the 
former  case,  a  complete  freeing  of  the  curds  from  the  whey  furnishes  a 
culture  medium  which  is  comparatively  dry  and  of  almost  exclusively 
proteid  composition;  in  the  latter,  retention  of  whey  gives  rise  to  cul- 
tural conditions  in  which  more  rapid  and  complete  bacterial  action  may 
take  place.  The  holes,  which  are  so  often  observed  in  some  of  the  hard 
cheeses,  are  due  to  gas  production  during  the  process  of  "ripening." 

As  to  the  varieties  of  microorganisms  present  in  various  cheeses,  much 
careful  work  has  been  done,  Duclaux'  attributed  the  "ripening"  of 
some  of  the  soft  cheeses  to  a  microorganism  closely  related  to  Bacillus 
subtilis.  V.  Freudenreich  *  in  part  substantiated  this,  but  laid  particdar 
stress  upon  the  action  of  Oidium  lactis,  a  mold,  and  upon  several  vari- 
eties of  yeast.  Corm,*  more  recently,  in  a  bacteriological  study  of  Cam- 
embert  cheese,  has  demonstrated  that  the  production  of  this  cheese 
depends  upon  the  united  action  of  two  microorganisms,  one  an  oidium, 
like  the  Oidium  lactis  of  Freudenreich,  which  is  found  chiefly  in  the 
interior  softened  areas,  the  other  a  mold  belon^ng  to  the  penicillium 
variety,  found  in  a  matted  felt^work  over  the  surface  and  penetrating 
but  a  short  distance.    In  spite  of  the  scientific  basis  upon  which  the 

'  FreudenreKh,  Koch's  Jahreebericht,  etc.,  135,  1891. 

^Dticlau-r,  "he  Lait,"  Paris,  1887. 

•  V.  Freiidenrcich,  Cent,  f.  Bakt.,  II,  i,  1895. 

<  Conn,  BuU.  Stalls.  Agri.  Exp.  Stat.  35,  1905. 
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work  of  these  men  and  of  others  has  seemed  to  place  cheese  production, 
attempts  at  uniformity  io  cheese  production  have  met  with  almost  in- 
superable obstacles  because  of  the  presence  of  a  variety  of  adventitious 
microorganisms  which,  depending  in  species  and  proportion  upon  the 
local  conditions  under  which  the  various  cheeses  have  been  produced, 
have  added  minor  characteristics  of  flavor  which  have  determined  mar- 
ket value.  Occasonal  failure  of  good  results  in  cheese  production  *  b 
due  to  contamination  with  other  chromogenic  or  putrefactive  bacteria. 
In  its  relationship  to  the  spread  of  infectious  disease,  cheese  is  rela- 
tively unimportant  except  in  regard  to  tuberculosis.  Typhoid  and 
other  non-spore  forming  pathogenic  germs  can  not  survive  the  condi- 
tions existii^  during  cheese-ripening  for  any  length  of  time.  Tubercle 
bacilli,  both  of  the  human  and  bovine  types,  have  been  found  in  cheese 
by  Harrison  *  and  others,  and  Galtier  has  shown  experimentally  that 
tubercle  bacilli  may  remain  alive  and  virulent  in  both  salted  and  un- 
salted  dieese  for  as  long  as  ten  days. 

THB  LACnC-ACm  S&CILU  AlTD  METGHNIKOrr'S   BACRBIO- 


A  problem  which  has  occupied  climcal  investigation  for  many  years 
is  that  of  gastrointestinal  autointoxication.  There  arc  a  number  of 
conditions  occurring  in  man,  in  which  symptoms  profoundly  alTectii^ 
the  nervous  system,  the  circulation,  and,  in  a  variety  of  ways,  the  entire 
body,  can  be  clinically  traced  to  the  intestines,  and  can,  in  many  cases, 
be  relieved  by  thorough  purgation  and  careful  diet.  In  some  of  these 
conditions,  specific  microorganisms  can  be  held  accountable  for  the 
diseases  (B,  enteritidis,  B.  botulinus,  etc.).  In  other  cases,  however, 
etiolc^cal  investigations  have  met  with  but  partial  success  because  of 
the  targe  variety  of  microorganisms  present  in  the  intestinal  tract  and 
because  of  the  complicated  symbiotic  conditions  thereby  produced. 
Intestinal  putrefaction,  recognized  as  the  cardinal  feature  of  such 
maladies,  has  been  attributed  to  Bacillus  proteus  vulgaris,'  to  Bacillus 
aerogenes  capsulatus,  to  Bacillus  putrificus,'  and  to  a  number  of  other 
bacteria,  but  definite  and  satisfactory  proof  as  to  the  etiological  im- 
portance of  any  of  these  germs  has  not  yet  been  advanced.    The  fact 

'  BeijeriruA,  Koch's  Jahreaber,  eU:.,  82,  189. 

'  HarrUon  Bod  Galtier,  quoted  from  Mohler,  V.  S.  Pub.  H.  and  Mm.  Hosp.  S«rv., 
Hygiene  Lab.  Bull.  41,  1908. 

*  L«tage,  Rev.  de  iaM.,  1887. 

*  Tiuier,  Ann.  de  I'inBt.  Pasteur,  1905. 
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remuna,  however,  that,  whatever  may  be  the  specific  cause,  the  disease 
itself,  a  grave  and  often  fatal  afQiction,  may  be  clinically  traced,  in  a 
number  of  cases,  to  the  absorption  of  poisons  from  the  intestinal  cana). 
and  it  is  more  than  likely  that  these  poisons  are  the  products  of  bacterial 
activity.  Reason  dictates,  furthermore,  that  the  bacteria  primarily 
respon^ble  for  the  production  of  these  toxic  substances  do  not  belong  to 
the  varieties  which  attack  carbohydrates  only,  but  must  belong  to  that 
class  of  a&robic  and  anaerobic  germs  which  possess  the  power  of  breaking 
up  proteida — in  other  words,  the  bacteria  of  putrefaction. 

On  the  basis  of  the  mutual  antagonism  existing  in  culture  between 
many  acid-producing  bacteria  and  those  of  putrefaction — a  phenomenon 
recognized  by  some  of  the  earliest  workers  in  this  field,  many  investiga- 
tors have  suggested  the  possibility  of  combating  intestinal  putrefaction 
by  addii^  acid-forming  bacteria  together  with  carbohydrates  to  the  diet 
of  patients  suffering  from  this  condition.  The  first  to  suggest  this 
therapy  was  Escherich  '  who  proposed  the  use,  in  this  way,  of  Bacillus 
lactos  aerogenes;  with  the  same  end  in  view,  Quincke,*  a  little  later, 
suggested  the  use  of  yeasts — Oidium  lactis.  The  reasoning  underiying 
these  attempts  was  meanwhile  upheld  by  experiments  carried  out  both 
in  vitro  and  upon  the  living  patient.  Thus  Brudzinski  *  was  able  to 
demonstrate  that  Bacillus  lactis  aerc^enes,  in  culture,  inhibited  the 
development  of  certain  races  of  the  proteus  species  and  succeeded  in 
obtaining  markedly  favorable  results  by  feeding  pure  cultures  of  Bacillus 
lactis  aerc^enes  to  infants  sufTering  from  fetid  diarrhea.  Similar  ex- 
periments '  carried  out  with  the  Welch  bacillus  (aerogenes  capsulatus) 
and  Bacillus  coli,  however,  had  no  such  corroboratory  results,  since  this 
anaerobe  possesses  a  considerable  resistance  against  an  acid  reaction. 
In  considering  the  difficulties  of  the  problems  involved  in  this  question, 
it  occurred  to  Metchnikoff  *  that  much  of  the  practical  failure  of  therapy, 
based  upon  the  principles  stated  above,  might  be  referred  to  insufficient 
powers  of  acid  production  on  the  part  of  Bacillus  coli,  Bacillus  lactis 
aerogenes,  and  other  germs  previously  used.  In  searching  for  more  pow- 
erful acid  producers,  his  attention  was  attracted  to  Bacillus  bulgaricus, 

'  Eicherick,  Thera|>eut.  MonatsheTt^.,  Oct.,  1887. 

^Quincke,  Verhandl.  des  Congress  f.  Inn.  Med.,  Wiesbaden,  1898. 

■  Bru4itrwW,  Jikhrbuch  f .  Kinderbeilkunde,  62,  1900  (Erg&nsun^heft). 

*  Tiasier  and  Martelly,  Ann.  de  I'inst,  Pa.st«ur,  1906. 

'Melcknikoff,  "Prolongation  of  Life,"  G.  P.  Putnam's  Sons,  N.  Y.;  abo  in  "B*e- 
t^oth^rapie,"  etc.  "Biblioth^ue  de  thfrapeutique,"  Gilbert  and  Camot,  EVria, 
190». 
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isolated  from  milk  by  Maasol '  and  Cohendy  *  in  1905.  This  bacillus, 
according  to  the  researches  of  Bertrand  and  Weiaweiller,'  produces  as 
much  as  25  grams  of  lactic  acid  per  liter  of  milk.  In  addition  to  this, 
it  manufactures,  from  the  same  quantity  of  milk,  about  50  centigrams 
of  acetic  and  succinic  acids  and  exerts  no  putrefactive  action  upon  pro- 


Pia.  155,— BACiLLrs  bdlgaricub. 

teids.    Added  to  these  characters,  it  is  especially  adapted  to  therapeutic 
application  by  its  complete  lack  of  pathc^enicity. 

The  administration  of  the  bacillus  to  patients  suffering  from  intestinal 
putrefaction,  first  suggested  by  Mctchnikoff  in  1906,  has,  since  that  time, 
been  extensively  practiced  and  oft^'n  with  remarkable  success.  In  spite 
of  sharp  criticism,  especially  by  Luersen  and  Ktthn,*  who  deny  much  of 

'  Masaol,  Revue  m6<Iicale  de  b  Suisse  romande,  1905. 
■ '  CeAendy,  Comptes  rend,  de  la  soc.  de  bio).,  60,  1900. 

•  Bfrtrand  anti  Weisxpeiller,  Ann.  de  I'inBt.  Pasteur,  1906. 

*  Luenen  and  Kuhn,  Cent,  f .  Bakt.,  II,  xx,  190S. 
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the  antiputrefactive  activity  of  the  bacillus,  the  treatment  of  Meteh- 
nikoEf  has  found  many  adherent^j  upon  the  bftsis  of  purely  clinical  ei- 
pcriment.  It  is  not  possible  to  review  completely  the  already  ezten^ve 
literature.  Among  the  more  valuable  contributions  may  be  mentioned 
the  articles  by  Grekoff,^  by  W^ele,*  and  by  Klotz.*  In  Metctuiikoff's 
experiments  and  in  the  work  of  his  immediate  successors,  the  ba.(nllus 
was  used  either  in  milk  culture  or  in  broth  in  wliich  it  was  induced  to 
grow  in  symbiosis  with  other  microorganisms. 

Recently,  North  *  has  suggested  the  use  of  Bacillus  bulgaricus  in 
parts  of  the  body  other  than  the  digestive  tract.  His  work  was  made 
feasible  by  the  discovery  that  the  bacillus  could  be  cultivated  in  dex- 
trose-pepton  broth  to  which  calcium  carbonate  has  been  added,  after 
the  manner  recommended  by  Hiss.  With  such  cultures,  applied  in  the 
form  of  a  spray,  inflammations  of  the  car,  nose,  throat,  genitourinaiy 
tract,  etc.,  have  been  treated,  many  of  them  with  success. 

BACTERIOLOGICAL  EXAMIXATIOV  OF  OTSTEBS 

On  account  of  the  danger  of  the  transmission  of  typhoid  fever  fay 
oysters  which  have  been  bred  or  stored  in  contaminated  water,  stand- 
ard methods  *  have  been  devised  for  the  estimation  of  the  bacterial  con- 
tent of  oysters.  These  are  similar  in  principle  and  method  to  those 
used  for  the  examination  of  water,  and  a  most  important  index  of 
sewage  contamination  and  consequent  danger  of  typhoid  infection  is 
the  number  of  colon  bacilli  present  in  the  shell  fish.  The  shell  liqnor 
is  used  for  examination,  and  in  examining  oysters  in  the  shell  the  fol- 
lowing procedure  is  followed :  Five  oysters  having  deep  bowls  and 
closed  shells  are  selected.  Lips  of  the  shell  are  sterilized  in  the  flame 
or  by  burning  with  alcohol.  The  liquor  is  obtained  by  opening  the 
shell  with  a  sterilized  knife,  or  better,  by  drilling  a  hole  through  the 
flame  surface  with  a  sterilized  gimlet.  For  determining  the  total  num- 
ber of  bacteria  the  shell  liquor  is  withdrawn  with  a  sterilized  pipette, 
diluted  with  1  per  cent  salt  solution,  and  placed  in  agar,  as  described 
on  page  693.  More-  important,  however,  is  the  presumptive  colony 
test,  which  is  carried  out  by  inoculating  three  lactose  bile  tubes  with 

'  Grekof,  "Obaervations  cliniquee  sur  I'efTet  du  lact.  agri.,"  etc,  St.  Petcnfavrg, 
1907. 

'  Wegde  Deut.  med.  Woch.,  jxnv,  1908. 
'  Khlz,  Zentralbl.  f.  innere  Med,,  1908. 
<  North,  Med.  Record,  March,  1909. 
*  Ainer.  Jour.  Pub.  Health,  1913,  ii,  34. 
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1.0  C.C.,  0.1  c.c,  and  0.01  c.c,  respectively,  from  each  of  the  five  oyBtere. 
The  tubes  are  incubated  for  three  days,  and  the  development  of  over 
10  per  cent  of  gaa  in  the  closed  arm  is  considered  a  positive  reaction. 
The  score  is  recorded  as  the  approximate  number  of  colon  bacilli  con- 
tained in  the  5.55  c.c.  of  shell  liquor  from  the  five  oysters,  and  is  esti- 
mated in  the  following  way :  A  positive  reaction  in  a  tube  inoculated 
in  1  c.e.  is  recorded  as  1.0,  a  positive  reaction  in  0.1  e.c.  is  10,  and 
in  0.01  is  recorded  as  100.  The  sum  of  these  figures  is  the  score  for 
the  batch  of  oysters  from  which  the  five  have  been  taken.  In  examin- 
ing shucked  oysters  a  well-mixed  sample  nf  oysters  and  the  surround- 
ing fluid  are  put  in  a  sterilized  vessel  and  lactose  bile  tubes  inoculated 
in  triplicate  with  1.0  e.c,  0.1  e,c.,  0.01  cc,  0.001  c.c.  of  the  liquor. 
No  definite  standard  score  has  been  adopted,  but  the  United  States 
Pure  Food  Board '  has  condemned  unsfaucked  stock  having  a  score  of 
32  or  higher. 

BACTERIA  15  THE  IKIIITSTSIES 

Bacteria  and  Tobaoco. — In  the  manufacture  of  tobacco,  the  har- 
vested leaves  are  first  dried  and  then  heaped  up  in  lai^e  masses,  in 
which  the  tobacco  ondei^ioes  fermentation.  During  this  fermentation, 
which  goes  on  at  temperatures  varying  from  50°  C.  to  60°  C,  carbohy- 
drates are  split  up  and  much  nicotin  is  destroyed.'  The  end  products 
consist  lar^ly  of  CO,  and  various  oi^anic  acids,  butyric,  formic, 
succinic,  etc.  During  the  fermentation,  bacteria  of  many  varieties  are 
found  in  the  heaps  of  tobacco  leaves  and  many  attempts  have  been 
made  to  determine  flavors  artificially  by  inoculating  tobacco  leaves  of 
a  poorer  quality  with  cultures  obtained  from  the  finer  Havana  grades. 
Suchsland  *  and  others,  who  have  attempted  this,  claim  to  have  ob- 
tained marked  improvements  in  domestic  products  by  this  method. 
The  bacteria  found  in  tobacco  fermentation  belong  to  many  varieties. 
Some  of  these  are  closely  related  to  the  protens  and  subtilis  groups. 
Others  are  distinctly  thermophilic,  an  attribute  required  by  the  high 
temperatures  attained  in  the  fermenting  tobacco  leaves.  It  is  probable 
that  the  tobacco  flavors  cannot  be  regulated  by  bacteriologieal  methods 
alone,  since  it  has  been  shown  by  Loew  '  that  an  important  factor  in  the 

>  Oorham,  V.  8.  Pure  Food,  Amer.  Jour.  Pub.  Health,  1913,  ii,  32. 

*  Behrtru,  quoted  from  Flugge,  "Die  MikrooTganismea,"  Bd.  1,  Leipiig,  1896. 

'Suehdand,  Ber.  der  Deut.  botan.  Ges.,  U. 

«  Loew,  Rep.  U.  S.  Dep.  Agriculture,  59,  1899. 
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tobacco  ferracDtation  is  contributed  by  the  ieaf-enzynies,  which,  of 
course,  depend  iDtimately  upoD  soil  and  climatic  conditions. 

Opium  Prodnotioni. — In  the  preparation  of  opium  for  smoking  pur- 
poses, the  raw  product  is  subjected  to  a  prolonged  period  of  fermenta- 
tion by  wbich  the  carbohydrates  in  the  material  are  destroyed.  Accord- 
ing to  various  observers,  the  process  is  carried  out  in  most  cases  by  a 
species  of  aspergillus. 

Indigo  Production. — Indigo,  which  is  obtained  from  the  plants 
"Isatis  tinctoria"  and  "Indigofer  tinctona,"  is  not  present,  as  such, 
in  the  plants.  In  some  of  these  it  is  found  in  the  form  of  indicao,  in 
others,  as  indoxyl.  It  has  been  shown  by  Alvarez  that  the  oxidation  of 
indican  and  indoxyl  into  indigo-blue  is  carried  out  lai^ely  by  bacterial 
oxydases.  Sterilized  indigo  plants  do  not  produce  the  blue  color.  Alva- 
rez '  has  isolated  a  bacillus  closely  related  to  the  Bacillus  mueosiis 
capsulatus  group,  to  the  action  of  which  he  attributes  this  oxidation. 

Baoteria  in  the  Tanning  of  Hides. — Raw  animal  hides  are  subject 
to  decomposition  until  treated  by  a  process  known  as  tanning.  This 
consists  first  in  the  depilation  of  the  dried  and  salted  skins,  either  by 
partial  putrefaction  in  an  atmosphere  saturated  with  water  vapor  or 
by  chemical  treatment  with  solutions  of  milk  of  lime.  After  this,  the 
tanning  proper  consists  in  subjecting  the  skins  to  prolonged  immersion 
in  solutions  made  up  according  to  a  large  variety  of  formule— the 
principle  of  all  of  which,  however,  seems  to  be  found  in  the  mixing  of 
various  organic  ingredients,  such  as  bran-mash,  oak-bark,  and  often 
dried  animal  excreta,  in  which  fermentation  and  acid  production  oe- 
c»t.'  According  to  Haenlein,'  this  acidification  is  the  essential  by 
wJiii)h..tbe  leather  is  sterilized  and  rendered  soft.  This  author  has 
dsi^ljcd  the  Bacilhis  eorticalis,  which  he  found  in  fir-tree  bark  and 
to, .which  he  ascribes  the  acid  fermentation  of  tanning  liquors  in  which 
tjita  ingredient  is  employed.  Wood,*  who  has  worked  extensively  upon 
the. subject,  has  attempted  to  substitute  pure  cultures  for  the  old  un- 
certain chance  mixtures  employed.  In  spite  of  these  investigationB, 
however,  while  we  must  acknowledge  the  probable  importance  of  bac- 
teria in  the  tanning  process,  the  subject  is  by  no  means  on  a  scientifie 
or  exact  basis. 

'  Alvaret,  Comptes  rend,  do  I'actkd.  dee  eci.,  vol.  105. 

■  Hnenlein,  Cent.  (.  Bnkt.,  II,  1.  ISQS. 

»  Wood,  Jour.  Soo.  Chem.  Industry,  1895, 1899. 
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SECTION  VI 

PATHOGENIC  PROTOZOA 

Frederick  F.  Russell,  M.D. 

INTRODUCTION 

In  the  practice  of  his  profession  the  phTsician  requires  a  knowl- 
edge of  the  pathogenic  protozoa  found  in  man  and  the  domestic  ani- 
nidis  and  of  their  closely  related  non-pathogenic  forms.  Quite  com- 
monly in  the  diagnosis  of  fevers  it  is  necessary  to  examine  the  blood 
of  the  same  patient  for  both  malaria  and  bacteria,  therefore  a  work- 
ing knowledge  of  the  principal  pathogenic  protozoa  is  essential.  In 
this  work  it  will  be  possible  to  describe  the  forms  only  of  medical 
interest,  and  the  reader  is  referred  to  other  works  for  further  infor- 
mation. 

The  protozoa  are  onicellolar  animal  organisms  that  occur  singly  or 
in  temporary  colonies.  The  functions  of  the  animal  are  carried  out  by 
the  protoplasm  of  the  single  cell,  parts  of  which  may  be  differentiated 
for  special  purposes  and  are  then  called  organellte. 

CLASSIFICATION  OF  THE  PROTOZOA 

Class  I,  Sarcodina  (Rhizopoda) . — The  body  is  naked  or  encased  and 
the  animal  moves  by  means  of  protruding  temporary  processes  of 
the  body  called  pseudopods.  They  possess  one  or  many  nuclei 
and  reproduce  by  fission  or  multiplication  in  a  cyst. 
Order  I.  Ameba  (Lobosa). — ^Naked  or  with  a  simple  shell,  the  pseu- 
dopia  are  lobose  or  finger-shaped,  the  nucleus  is  usually  single  and 
there  is  sometimes  a  contractile  vacuole.    Example,  the  amebce. 

Class  II,  Mastigophora  (Flagellata). — They  possess  flagella  for 
locomotion  and  for  obtaining  food;  they  may  be  naked  or  fur- 
nished with  a  membrane ;  many  forms  possess  nucleus,  contractile 
vacuole  and  a  small  groove  spoken  of  as  the  cytostome.  Ex- 
amples, the  trypanosomes  and  intestinal  flagellates. 
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Class  III.  Sporozoa.— They  live  parasitically  in  the  tissues  of  other 
animals,  ingesting  food  by  osmosis  i  they  have  no  cilia  in  the  adult 
stage  but  may  form  pseudopodia,  one  or  more  nuclei,  no  contraetile 
vacuole,  reproduction  by  spores.  They  are  divided  into  two  rab- 
elasses,  telosporidia  and  neosporidia.  Examples,  gregarinuia,  coc- 
cidiidea,  hemosporidia,  sarcospondia,  etc. 

Class  IV.  Infusoria  {Ciliata). — The  body  is  generally  uniform  in 
shape,  with  cilia  and  contractile  vacuole,  and  usually  with  maero- 
and  tnieronuclens.    Examples,  Paramecium,  halantidium. 
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CHAPTER  LV 
CLASS  I— SARCODINA   (RHIZOPODA) 

THE  iXElBM 

These  ot^anisms  belong  to  the  order  Amebina  (Ehrenbei^) .  They 
are  characterized  during  the  vegetative  stage  by  a  seraifinid  eonsiB- 
tence,  permitting  rapid  changes  of  form,  ameboid  movements,  and 
prc^reasioD  by  means  of  pseudopods.  There  is  no  internal  skeleton  and 
the  protoplasm  is  naked  and  may  be  differentiated  into  endo-  and 
ectoplasm,  and  in  some  cases  a  contractile  vacuole  is  present.  All 
forms  poeeees  one  or  more  nuclei.  Multiplication  takes  place  by  divi- 
sion into  two  or  more  daughter  cells.  Fertilization  takes  place  by  the 
conjugation  of  two  merozoites  and  possibly  by  autogamy. 

Since  some  flagellates  possess  an  amelxiid  stage,  it  is  necessary  to 
know  most  of  the  life  cycle  of  an  organism  before  classifying  it  as  an 
ameba.  The  protoplasm  varies  greatly  in  its  consistency,  depending 
on  the  species  as  well  as  the  stage  of  the  life  cycle,  and  the  environ- 
ment and  food  supply.  Most  amebte,  including  all  the  parasitic  forms 
(endamebfe),  possess  a  single  nucleus,  yet  Ameba  diploidea  and  Ameba 
binucleata  always  have  two,  and  the  other  species  may  show  more. 
The  nucleus  of  all  types  possesses  a  karyosome.  The  nucleus  is  well 
developed  and  in  it  may  be  followed  either  a  simple  or  typical  mitosis. 
The  ^toplasm  is  usually  at  some  stage  divided  into  a  granular  endo- 
plasm  and  a  clear  or  hyaline  ectoplasm,  the  latter  forming  the  pseu- 
dopods  by  which  the  animal  moves  from  place  to  place. 

Until  recent  years  all  ameboid  organisms  were  placed  in  the  genus 
Ameba,  but  Schaudinn  revived  a  genus  originated  by  Leidy  of  Phila- 
delphia, the  Endameba,  for  the  parasitic  species  which  have  many 
points  of  difference  from  the  free  living  varieties.  Of  the  free  living 
forms,  the  easiest  to  study  is  the  Ameba  proteus  (Pallas),  a  very  large 
organism,  200  microns  in  diameter,  found  frequently  in  stagnant 
water;  it,  however,  has  no  direct  importance  in  medicine.  Another 
group  of  free  living  amebee  is  of  some  interest,  because  of  the  con- 
fusion they  have  caused  in  the  study  of  parasitic  ameba ;  they  are  the 
so-called  "limax  amebfc,"  which  have  been  cultivated  on  agar,  and 
for  this  genua  Chatton  (1912)  has  proposed  the  name  Vaklkampfia. 
They  are  small  oi^anisms,  5  to  30  microns  in  diameter,  provided  with 
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724  PATHOGENIC  PROTOZOA 

fiogerlike  or  spinous  pseudopodia,  and  characterized  by  a  nucleus  with 
a  large  kaiyosoine  and  a  single  nucleated  resistance  cyst  in  which  do 
multiplication  occurs.  They  have  repeatedly  been  cultivated  from  ii^:- 
man  dysenteric  stools,  from  the  air,  and  apparently  from  liver  abseesi 
pus.  It  has  been  shown,  beyond  doubt,  that  they  are  harmless  to  man, 
and  that  they  pass  through  the  intestinal  tract  with  food  and  water 
in  the  cyst  form.  While  they  will  develop  in  cultures  at  body  tempera- 
ture, a  better  growth  is  obtained  at  the  temperature  of  the  room.   Since 


Fio.  156. — Ern>AUBBA  histolytica.      Vegetative  tomi  showing  histolytica  type  of 
nucleus. '  (Army  Medical  School  Collection,  Washington,  D.  C.) 

the  true  parasitic  amebee  have  never  been  cultivated  on  artificial  media, 
the  Vahlkampfia  may  be  dismissed  with  the  statement  that  they  are 
not  pathogenic. 

Leidy'a  genus  Bndameba  includes  all  parasitic  forms,  and  is  char- 
acterized, among  other  things,  by  the  absence  of  a  contractile  vacuole, 
which  is  always  present  in  Ameba  and  VahlkampHa.  It  was  proposed 
for  the  large  ameba  parasitic  in  the  cockroach,  Endameba  blaita,  and 
the  genus  ia  a  natural  one  and  well  established.  The  species  of  impor- 
tance to  physicians  are  Endameba  histolytica,  Endameba  coli  and 
Endameba  ffingivaiis. 
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EBDAXEBA  EISTOLTTICA 

{Endameha  tetragena   [Vtereek],  Endameba  africana    [Hartmanii], 

Endameba  nipponica  [Koidzumi,  pro  parte],  Endameba 

tropicalis  [Lesage,  pro  parte]) 

AmebEE  as  a  cause  of  disease  were  first  described  by  LambI  of 
Prague,  in  1860,  who  found  them  present  in  the  stools  from  a  case 
of  severe  diarrhea  in  a  child.  In  1870  Lewis  and  Cunningham  found 
amebffi  in  20  per  cent  of  the  stools  of  cholera  patients,  but  attached  no 
pathogenic  importance  to  them,  Thefirst  accurate  description  we  owe 
to  Loescb  of  Petrograd,  who  in  1875  studied  an  undoubted  case  of 


Fto.  157. — Endameba  hibtolytica.  Vegetative  form,  simple  diviaion.  Tetragena 
type  of  aucleuB.    (X  1300.)    (Army  Medical  School  CoUecticm,  WaahingtoD,  D.  C.) 

amebic  dysentery  with  relapses,  and  he  named  the  organism  Ameba 
coll.  He  was  further  successful  in  reproducing  the  disease  in  a  dog, 
and  thus  began  its  experimental  investigation.  Not  much  progress 
was  made  until  Kartnlis  in  Egypt  began,  in  1886,  the  publication  o^ 
a  long  series  of  studies  which  has  continued  up  to  the  present  time, 
and  because  of  the  rich  clinical  and  pathological  material  at  his  dis- 
posal his  work  has  been  of  the  greatest  value.  In  1890  Osier  published 
the  first  paper  in  America.  He  was  followed  by  Musser  and  Stengel 
and,  in  1891,  by  I>oek,  and  Councilman  and  Lafleur.     The  work  of  the 
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last  two  authors  was  especially  complete  and  firmly  established  the 
entity  of  this  disease  in  America.  In  1902  Jiirgens  differentiated  the 
patbogemo  ameba  from  the  harmless,  and  in  1903  the  epocb-makiDg 
work  of  Schaudinn  appeared.  This  author,  who  was  a  zoolt^ist  by 
training,  showed  clearly  that  there  were  two  forms  of  parasitic  amebe 
and  he  followed  out  most  of  the  details  in  their  life  history,  renaming 
them  Endameba  histolytica  and  Endameba  coli.  Schaudinn's  work 
has  been  generally  confirmed,  in  this  country  by  Craig,  Wbitmore, 
Walker,  Darlii^  and  others. 

CUHICAL  DYSEBTERT 

Dysenteiy  as  a  disease  has  been  known  from  the  earliest  times  and 
references  are  found  to  it  in  Sanscrit  and  Egyptian  literature  and  in 
early  Greek  and  Roman  writinfis.  Until  recent  years  its  etiolt^ry  was 
obscure,  but  we  now  rec<4!:nize  two  separate  forms,  baciHary  and 
amebic;  the  former  has  already  been  described  under  the  dysentery 
bacilli.  Amebic  dysentery  is  a  distinct  clinical  entity,  and  runs  a 
course  quite  different  from  the  baeillary  form.  It  begins  gradually, 
and  in  some  cases  is  chrome  in  character  from  the  start.  Usually  there 
is  no  rise  in  temperature  nor  any  great  change  in  weight  or  health 
until  the  disease  has  existed  some  time.  The  bowel  movements  become 
gradually  more  frequent  and  the  fecal  matter  is  accompanied  by 
larger  and  larger  amounts  of  mucus  and  blood.  As  the  disease  pro- 
gresses and  more  and  more  of  the  colon  is  involved  the  amount  of  blood 
and  mucus  increases  until  the  stool  contains  little  else.  The  colicky 
pains  increase  in  frequency  and  severity  and  there  is  added  tenesmus 
and  finally  nausea  and  vomiting.  The  patient  loses  flesh  and  strength 
and  when  the  stools  increase  to  20  and  30  daily,  becomes  bed-ridden. 
The  abdomen  is  concave  and  tender  on  pressure,  especially  over  the 
colon.  The  course  of  the  disease,  if  untreated,  tends  to  progress  with 
periods  of  remission,  and  spontaneous  cure  probably  does  not  occur. 
Bacillaiy  dysentery,  it  will  be  remembereil,  is  a  disease  with  a  short  in- 
cubation period  and  an  acute  onset;after  two  or  three  days 'illness  the 
baeillary  case  is  confined  to  bed,  is  pale,  weak,  emaciated  and  presents 
every  evidence  of  profound  toxemia;  an  amebic  case,  sick  the  same 
length  of  time,  will  be  up  and  about  and  perhaps  will  not  have  applied 
for  treatment. 

Conplioationi. — A  common  and  most  dangerous  complication  is 
abscess  of  the  liver.    The  amebic  travel  from  the  ulcers  in  the  colon  by 
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way  of  the  lymphatics  to  the  liver  and  there  set  up  a  liquefying  ne- 
crosis of  the  parenchyma.  The  liquefied  portion  contains  a  reddish  or 
ehocolate-eolored  fluid,  which  is  not  pur.  in  the  ordinary  sense,  although 
it  may  become  a  pus-contain iog  abscess  if  secondary  bacterial  infection 
occurs.  Liver  abscesses  may  be  single,  but  are  much  more  often  mul- 
tiple, and  at  times  the  whole  liver  may  be  riddled  with  large  and  small 
abscess  cavities;  both  right  and  left  lobes  may  be  involved.  If  sur- 
gical interference  be  withheld,  the  abscess  increases  in  sine,  approaches 
the  surface,  and  finariy  ruptures  into  the  lung  through  the  diaphragm 
or  into  the  peritoneal  cavity* 

At  autopsy  the  lesions  are  found  in  the  colon,  principally  at  the 
sigmoid  flexure  and  in  the  cecum,  though  in  chronic  cases  the  whole 
colon  is  involved,  showing  ulcers  with  undermined  edges,  swollen  soli- 
tary follicles  and  a  hemorrhagic-catarrhal  inflammation  of  the  mucous 
membrane.  The  ulcers,  readily  differentiated  from  those  caused  by 
the  tubercle  bacillus,  are  of  all  sizes,  shallow  or  deep,  and  are  charac- 
terized by  irregular  margins  and  undermined  edges.  Fresh  smears 
made  at  autopsy  will  show  vegetative  amebte.  In  chronic  cases,  the 
colon  is  a  mass  of  scars  and  ulcers  and  acutely  inflamed,  swollen  and 
thickened  mucous  membrane  resting  on  a  bypertrophied  submucosa. 
The  severe  and  chronic  forms  of  the  disease  are  now  as  rare  as  they 
were  formerly  common  as  a  result  of  the  present  specific  treatment 
with  emetin. 

Oeogiaphioal  SistribatioiL — Although  amebic  dysentery  is  classed 
among  the  tropical  diseases,  it  is  by  no  means  confined  to  the  tropics. 
In  the  United  States,  for  example,  it  is  endemic  as  far  north  as  Balti- 
more and  Washington,  and  cases  are  not  very  infrequent  in  the  north- 
em  tier  of  states;  hence  one  must  examine  the  stools  for  amebie  in 
dysenteric  eases  regardless  of  the  location  of  the  patient's  home. 

Diagnoaii. — While  the  history  of  the  case  may  suggest  amebic  infec- 
tion, the  diagnosis  can  only  be  made  with  certainty  by  microscopic 
examination  of  the  stool.  For  this  purpose  the  examination  should  be 
made  as  soon  after  the  stool  is  passed  as  possible;  and  in  this  disease 
it  is  usually  practicable  to  have  the  patient  enme  to  the  hospital,  clinic 
or  oflice  and  pass  a  stool  there.  It  may  then  be  examined  imme- 
diately. If  this  is  impracticable,  the  stool  may  be  kept  warm  and  sent 
to  the  laboratory  in  a  small  glass  .iar  inside  a  tin  pail  partly  fliled 
with  water  at  body  heat:  a  little  cloth  or  absorbent  cotton  will  hold 
the  hot  water  and  prevent  splashing  during  transit.  The  stool  will 
show  bloody  mncous  masses,  and  small  drops  of  this  are  placed  on 
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slides,  covered  with  a  glass  aod  ringed  with  warm  vaseline  to  prevent 
evaporation.  The  preparation,  to  be  of  value,  must  be  thin,  and  the 
bloody  mucus  may  be  diluted  with  salt  solution  if  necessary.  Except 
in  hot  weather,  the  slide  should  be  examined  on  a  warm  stage,  or  the 
slide  may  be  warmed  by  placing  heated  coins  on  it,  near  the  cover 
glass.  At  least  half  a  dozen  slides  should  be  examined  before  reportit^ 
a  negative  result. 

Stained  preparations  are  not  difficult  to  prepare,  although  the 
process  requires  some  time  and  care.  As  in  most  zoological  work,  wet, 
rather  than  dry,  fixation  is  used.  Thin  smears  are  made  on  cover 
glasses  or  slides  and  before  they  can  dry  are  covered  with  or  immersed 
in  Schaudinn  's  fluid.  This  is  a  mixture  of  two  parts  of  a  saturated 
solution  of  bichlorid  of  mercury  in  normal  salt  solution  and  one  part 
of  absolute  alcohol.  The  mercuric  solution  is  prepared  by  adding  to 
boiling  normal  salt  solution  a  little  more  mercury  than  will  dissolve; 
on  cooling,  some  of  the  bichlorid  crystallizes  out.  At  no  stage  of  the 
process  must  the  preparation  become  dry  or  the  smear  is  worthless. 

1.  Fix  in  hot  (60°  C.)  Schaudinn's  fluid,  5  to  10  minutes. 

2.  Harden  in  70  per  cent  alcohol  10  to  30  minutes,  then  wash  in 
70  per  cent  alcohol  to  which  a  few  drops  of  tincture  of  iodin  have  been 
added  until  it  is  distinctly  colored — 10  minutes;  store  in  70  or  80  per 
cent  alcohol  until  ready  to  stain. 

3.  The  Rosenbusch  hematoxylin  is  quite  satisfactory.  Transfer  the 
slides  to  distilled  water  and  change  several  times  until  they  are  free 
from  alcohol,  then  immerse  in  3,5  per  cent  iron-alum  solution  for  from 
half  an  hour  to  over  night. 

4.  Stain  in  the  following  solution,  after  rapid  washing  in  distilled 
water : 

(a)  1  per  cent  hematoxylin  in  95  per  cent  alcohol 

(&)  Saturated  aqueous  solution  of  lithium  carbonate. 

Solution  (b)  is  added  to  solution  (o)  until  the  mixture  is  a 
cherry  red,  four  or  five  drops  of  lithium  to  10  c.c.  of  hematoxylin 
is  sufficient. 

The  solution  is  either  pipetted  onto  the  slides  or  they  are  im- 
mersed in  it.     Stain  from  20  minutes  to  over  night. 

B.-Wash  thoroughly  in  distilled  water. 

6.  Differentiate  with  a  weiik  iron-alum  solution  (three  parts  of 
distilled  wafer  to  one  of  the  iron-alum  solution  is  satisfactory),  nntil 
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the  slide  under  the  microscope  shows  tlie  structure  of  the  nucleus;  the 
ezamiuatioQ  is  made  in  water  under  a  cover  glass. 

7.  When  the  differentiation  is  complete  the  slide  is  washed  in  dis- 
tilled water  and  passed  through  graded  alcohols,  80,  95  and  absolute 
into  xylol  and  xylol-balsara.    This  stain  is  permanent. 

RoRiaaowski  stains  on  dried  smears  may  be  used,  but  are  not  so 
good. 

In  fresh  specimens  Endameba  histolytica  presents  the  following 
appearance:  the  vegetative  forms  are  pale,  unstained  with  bile,  and 
are  seen  to  be  large  bodies,  20  to  30  microns  in  diameter,  consisting  of 
endo-  and  ectoplasm,  and  often  showing  a  delicate  nucleus  and  also 


Fia.  15S. — Gnsahbba  histolytica.     (Army  Medical  School  Collection, 
,      WaahiDRtoD,  D.  C.) 

many  inclusions  in  the  digestive  vacuoles,  principally  red  blood  cells. 
The  onanisms  for  several  hours  after  the  stool  is  passed  remain  ac- 
tively motile,  poshing  out  clear,  glass-like  pseudopods,  intti  which  the 
granular  endoplasm  pours  as  the  ameba  progresses  across  the  field. 
Even  when  there  is  no  progression  the  pseudopods  are  protruded  or 
retracted  first  in  one  then  in  another  direction.  There  is  always,  dur- 
ing motion,  a  distinct  separation  of  the  clear  ectoplasm  from  the 
granular  endoplasm,  and  the  latter,  in  acute  cases  especially,  contains 
many  red  blood  cells,  occasional  examples  showing  as  many  as  twenty 
or  thirty.  The  presence  of  red  blood  cells  either  entire  or  partly  di- 
gested is  characteristic  of  Endameba  histolytica,  since  they  are  pres- 
ent in  Endameba  eoli  in  only  rare  instances.  The  ameba  is  sometimes 
greenish,  and  it  is  supposed  that  this  color  is  dni^  to  hemaglobin 
liberated  from  the  ingested  red  cells.    The  pseudopods  of  this  species 
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are  clear,  glassy  and  evidently  viscid  and  dense  and  have  given  it  its 
name  "histolytica,"  since  Rchaudinn  states  that  he  saw  the  araeba 
penetrate  the  niiicims  membrane,  the  pseiidopods  dissecting  apart  the 
epithelial  cells.  The  nucleus,  when  the  endoplasm  is  packed  with  in- 
clusions, may  not  be  visible,  but  further  search  will  reveal  amelMe 
showing  a  nucleus.  It  is  vesicular,  with  a  delicate  limiting  membrane, 
and  as  it  is  liijilily  refractile,  may  appear  as  a  clear  bright  spot.  As 
the  specimen  grows  older  the  amebie  lose  much  of  their  motility  and 
the  nucleus  may  become  clearly  visible,  revealing  small  chromatic  dots 
or  masses  adherent  to  its  inner  surface  and  a  small  central  karyosome. 


Fig.      159.  —  Ehdaheba     msTOLTncA.      Fio.    160. — Endameba    i 

(Army  Med.  School  Collection,  Wash-  (X  1150.)     (Anny    Med.     School 

mgton,  D.  C.)  Collection,  Washington,  D.  C.) 

The  cysts  are  round,  quite  small,  about  10  microns,  and  show  four 
small  ring-like  nuclei;  the  wall  is  distinct  and  often  double-contoured. 

The  motile  ainebii'  cannot  be  confused  with  anything  else,  but  when 
in  the  resting  stage  they  have  been  mistaken  for  swollen  and  edematous 
epithelial  cells.  A  little  attention  to  the  nucleus  will  prevent  this 
error,  since  the  tissue-cell  nucleus  is  large,  distinct,  and  entirely  dif- 
ferent from  the  nucleus  of  an  ameba. 

In  specimens  stained  with  hematoxylin  the  finer  details,  especially 
in  the  nucleus,  may  be  studied,  but  stained  preparations  are  never  nec- 
essary for  clinical  diagnosis.  In  smears  from  fresh  cases  vegetative 
forms  only  are  found.  Inter  many  degenerative  forms  appear  and  dur- 
ing convaleseenre  only  cyfifs  may  be  seen.    In  stained  specimens  there 
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!s  rarely  any  separation  of  ectoplasm  and  endoptasni,  but  the  nucleus 
is  always  visible.  The  cytoplasm  is  granular  and  has  a  coarse  honey- 
combed appearance.  The  nucleus  shows  a  distinct,  though  delicate, 
limiting  membrane,  on  the  inner  surface  of  which  are  few  or  many 
chromatin  dots.  In  the  center  is  a  small  karyosome,  which  may  show 
a  central  body  or  centriole.  The  outer  zone  of  the  nucleus  has  a  honey- 
comb structure,  in  which  are  imbedded  granules  of  chromatin. 

Multiplication  in  the  vegetative  stage  is  by  division  into  two  daugh- 
ter cells,  and  dividing  cells  are  common  after  the  disease  has  existed 
for  some  time  and  the  amebce  are  preparing  to  encyst.  At  such  times, 
due  probably  to  rapid  division,  the  ameba)  are  small  and  the  nucleus 
shows  various  stages  of  a  simple  mitosis;  at  the  poles  of  the  delicate 
spindle  may  be  seen  the  two  new  centrioles;  this  may  be  detected  even 
in  unstained  specimens. 

BegeneratiTe  Fomu. — These  are  extremely  common  in  stale  stools, 
in  cases  during  convalescence,  or  under  active  treatment,  and  also  in 
experimental  dysentery  in  the  eat,  and  they  have  led  to  much  con- 
fusion in  the  past.  The  nucleus  breaks  up  into  fragments  and  chro- 
matin masses  are  extruded  into  the  cytoplasm  in  irregular  forms,  and 
parts  of  the  cells  are  apparently  budded  off.  At  one  time  the  budding 
process  was  looked  upon  as  normal  by  Schaudinn  and  his  followers, 
but  there  is  now  little  doubt  that  both  spores  and  buds  are  degenera- 
tive changes  and  that  the  animal  multiplies  only  by  binary  fission  in 
tiie  vegetative  forms  or  by  the  devetopment  of  four  nuclei  in  the  cysts. 

Cyst  Formation. — The  cyst  of  Endameba  histolytica  was  first  de- 
scribed by  Viereek  as  Endameba  tetragena,  and  for  a  time  was  believed 
to  be  a  new  species.  In  fact,  Ilartmann  described  a  vegetative  stage 
of  Endameba  tetragena  as  Endameba  africana,  afterwards  accepting 
the  Dame  "tetragena,"  but  it  is  now  apparent  that  tetragena  is  merely 
the  end,  or  cyst  stage,  of  Endameba  histolytica,  which  had  formerly 
been  overlooked.  Cysts  are  not  easily  found  in  all  cases,  and  it  is 
possible  that  when  treatment  is  vigorous  they  never  develop.  They 
are,  without  doubt,  the  form  in  which  the  parasite  leaves  the  body  to 
infect  new  victims;  because  of  their  heavy  cyst  wall  they  are  quite  re- 
sistant to  drying  and  other  harmful  influences.  It  is  also  possible  that 
th^  may  be  retained  in  the  wall  of  the  colon  and  so  be  the  starting- 
point  of  the  relapse,  which  is  so  characteristic  a  feature  of  amebic 
dysentery.  The  protoplasm  of  the  cyst  and  the  precystic  stage  is 
granular,  but  shows  no  vacuoles  nor  cell  inclusions.  The  nucleus  un- 
dei^i:oes  divisioQ  by  mitosis  first  int«  two,  and  then  four  small  ring-like 
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nuclei,  and  the  presence  of  these  four  aacleated  cj'sts  is  pathognoBMBic 
of  the  disease.  The^  may  be  found  most  abundantly,  not  in  the  small 
amotrnt  of  mucns  which  may  adhere  to  the  formed  feces,  bnt  in  sorface 
scrapings  fnun  the  fe- 
cal mass.  In  additioo 
to  the  foDT  small  ring- 
like  nuclei,  the  cj^ls 
contain  few  or  many 
clumps  of  ehromatiD; 
these  in  total  mus  may 
be  many  times  greater 
than  the  nneleos,  and 
it  is  impossible,  there- 
fore, that  they  are 
simply  extruded  frran 
the  nucleus;  evidently, 
the  chromatin  grains, 
while  in  the  cytoplasm, 
increase  in  size  and 
number.  In  hematoxy- 
lin stains  no  structure 
in  these  masses  is  dis- 
F.O.  I6I.-E™a«ba  com.  (Ancy  Med.  School  cemible  and  their  f^c- 
CoUection,  WwhiDgtoD,  D.  C.)  tion  18  unknown;  after 

&  time  they  disappear 
and  one  finds  cysts  quite  free  of  them.  The  presence,  however,  of 
many  large  chromatin  masses  in  the  cysts  is  characteristic  of  Enda- 
meba  histolytiea. 

Fertilization  inside  the  cyst  has  not  been  demonstrated,  bnt  it  is 
possible  that  the  four  young  amebee,  liberated  from  the  tytA  when  in- 
Ecsted  by  a  new  host,  are  gamets,  and  that  conjugation  takes  place 
between  them,  as  in  the  case  with  Endameba  blatts. 

The  treatment  of  amebic  dysentery,  to  be  effective,  must  be  radical 
and  persistent,  and  may  be  compared  to  the  treatment  of  malaria  with 
(jiiinine.  For  many  years  the  En^clish  in  India,  with  a  few  followers 
in  other  parts  of  the  world,  had  treated  dysentery  with  ipecac  in  mas- 
sive dofles,  with  wonderful  results  in  some  cases  and  failure  in  others. 
The  trentment  was  quite  disagreeable  and  not  entirely  satistactorj-. 
Vodder,  in  1911,  examined  the  various  alkaloids  of  ipecac  and  found 
that  emetin  was  strongly  amebacidal,  and  he  recommended  its  use  for 
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this  disease.  Rogers,  in  India,  following  out  this  suggestion,  soon  re- 
ported excellent  results,  and  the  drug  is  now  accepted  as  a  specific. 
It  is  administered  hypoderniically  in  ^ -grain  doses  three  times  a  day 
at  first,  then  twice  and  later  once  daily  until  a  total  of  ten  grains  has 
been  administered  (V«dder).  In  addition,  the  patient  is  put  to  bed 
and  placed  on  a  milk  diet.  During  convalescence  large  doses  of  bis- 
muth subnitrate,  a  heaping  teaspoonful  suspended' in  water  or  milk, 
may  be  given  (Deeks).  Relapses  may  be  prevented  by  occasional 
examination  of  the  stools  for  cysts  and  a  course  of  emetin  if  they  are 


FiQ.  162.— ^Endameba  coli.    Typical  nucleus.     {Array  Med.  ScKool  Collection, 
WaahinRton,  D.C.) 

found.  As  a  result  of  the  emetin  treatment  and  exact  diagnfisis  the 
clinical  picture  of  amebic  dysentery  has  completely  changed,  and  we 
no  longer  see  the  weak  and  emaciated  dysenteries  who  formerly 
crowded  the  wards  of  tropical  hospitals.   ^ 

FreventioiL — One  significant  fact  appears  in  the  epidemiology  of 
the  disease — it  always  occurs  sporadically  and  never  in  explosive  epi- 
demics snch  as  we  see  in  water-borne  diseases,  like  typhoid  and  chol- 
era: house  epidemics  are,  on  the  contrary,  not  uncommon.    This  fact 
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P'.:i.u  lo  '.t^  i:-  i-'-ran-p  '-f  ^^  Dts-'l.  ac-i  peHups  flics,  at  tW  Aief 
»?«;•=  ^n  it>  *7-r>^-I.  EiT^^:;.^  el-asiic'SB  lOK-De  the  ■fr»«iitB  ud  ■ 
Ibe  ki; -!.'-ii  »:!,  j-r>-vt:,i  i;.f-  tr^Bsfrr  of  hi-io'jTwa  «Tsts  fron  thf  ill 
to  the  welL  Th«  dLw-A^  has  d:^;>;^«ared  ^vm  tbe  Pamma  Cainl 
2"ii*-.  «b^re  it  ff.rT;,^r:y  was  c::;..^;.  n.  siiKc  tbe  iDtroduetiai  ill  good 
water  acd  se» t  =j  r-n.-s  and  belter  hyn*-oic  conditioiB. 

EfSAKEBA  OOU  (iMMk  c 

' Emsjtu-i'a  n-S'i-f-nua  [EoidzmnL  pro  parte]  i 
Ef^.iH.-ba  ii>-.><i<;4  |El;riasiaa]i 
This  t£  a  hanr.!cSE  para>::e  <<f  tuan.  and  its  prcaaice  in  stm^  at 

one  tiiii«.  ^ve  rise  to  mu-h  eonfufion,  and  in  tbe  minds  of  maDT. 
threw  doubt  npOD  the  ex- 
istenee  of  a  fbrai  of  dT> 
oitety  doe  to  aineha,  siwe 
it  was  found  not  infre- 
(pratly  in  healthy  indirid- 
oak.  Sdiaodinn  found  it 
present  in  the  stotris  of 
fifty  per  eent  of  die  per- 
sons  examined  in  East 
Prassia.  in  Berlin  in 
twenty  per  cent,  and  in 
Istria  in  six^  per  Mot. 
Craip.  and  Craig  and  Ash- 
born  foond  it  present  in 
176.  or  fifty -eifcfat  pa  eoit. 
of  307  examinatimis  of 
healthy  Ameriean  soldien. 
Crai^  wns  aUe  to  follov 

Fig.    IG3.— EsD-utEBA  cou.     Small  prerrwie      gome  indirtdoals  fw  four 

(■jmi.    (.\niiv  Med.  ScbooJ  CoUertion,  Waab-       .        .  .      -  .  -  ■. 

iiieioD,  D  C  •  to  SIX  years,  dnrmg  »mdi 

time  they  constantly 

^h'.wwi  Endaiiii-ba  coli  id  the  fet^es.  yet  newer  developed  dysentoy. 

Thi-  (>r<;aDLS-m  s<^ijis  to  be  found  in  all  eotmtries,  regardleas  of  climalc- 

l!»  rcr-i/tmiti'in  and  separati'^n  from  histolytiea  ve  owe  to  Sdiaodiiut, 

■I'lrvfitn..  Craitr  and  others. 

In  si/*-  il  varies  fr<im  ton  to  forty  mierons.  tbe  avcra^  being  be- 

ti***n  twet.ry  and  furtj.    The  eetoplasm  is  never  seen  exrept  dgring 

ii.'.veHi^nt.  and  it  is  then  hyaline,  and  only  slightly  refraetile.  nd 
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macb  more  fluid  than  in  histolytica.  The  digestive  vacaoles  rarely 
contain  red  blood  cells,  but  are  511ed  with  cocci  and  bacilli,  a  form  of 
food  rarely  seen  in  histolytica.  In  general,  the  vacuoles  are  larger 
and  more  numerous  in  coli  than  in  histolytica,  and  the  motility  is 
feebler.  In  fresh  specimens  the  nucleus  is  rather  easier  to  find  than 
in  histolytica,  and  is  distinctly  outlined  by  a  heavy,  double-contoured 
membrane.  The  nucleus,  as  in  all  ameba,  is  vesicular,  and  shows  a 
small  karyosome  and  dots  of  chromatin  on  the  nuclear  membrane  and 
imbedded  in  the  nuclear  network. 


Flo.  164. — Endameba  cou  Ctst.     (Army  Med,  School  CdlectioD, 
Washington,  D.  C.) 

Multiplication  in  the  vegetative  stage  is  by  binary  fission  of  the 
nucleus  and  the  cytoplasm,  resulting  in  two  daughter  cells,  or  the 
nucleiis  may  continue  to  divide  into  four  or  eight  daughter  nuclei 
before  the  cytoplasmic  division  begins,  producing,  in  the  end,  two, 
four,  or  eight  daughter  cells. 

Cyit  Formation. — This  is  characteristic  of  the  species,  and  it  fur- 
nished one  of  the  principal  reasons  for  Schandinn  's  separation  of  coli 
and  histolytica.     Before  encysting  the  animal  frees  itself  of  all  in- 
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elusions  and  becomes  clear,  transparent,  and  assumes  a  spherical  form, 
and  secretes  a  cyst  wall.  The  nucleus  divides  first  into  two,  then  four, 
and  finally  eight  daughter  nuclei;  there  is  usually  a  large  vacuole 
found  in  the  cyst  during  this  division,  but  its  function  is  uneerUin. 
Schaudinn  described  a  complicated  autogamy  in  the  cyst,  yet  later 
researches  by  Ilartmann  and  Whitmore  show  nothing  more  than  re- 
peated binary  division  of  the  nucleus.  The  normal  number  of  nuclei 
in  a  coli  cyst  is  eight,  yet  occasionally  cysts  are  seen  in  which  division 
has  gone  on  until  there  are  as  many  as  sixteen. 

Cats  or  human  beings  may  be  parasitized  by  feeding  material  con- 
taining coli  cysts,  and  in  nature,  as  the  cysts  are  the  resistant  forms  of 
the  parasite,  the  infection  is  probably  transmitted  from  one  host  to 
another  by  means  of  them.     No  disease, 
however,  results,   though   the  aiuebiv  con- 
tinue to  Iw  present  in  the  stools  for  years. 
It  is  possible  that  fertiliKation  takes  place 
between    the    young    amehie     (gametes! I, 
which  are  liberattt!  when  the  cyst  dissolves 
in  a  new  host,  as  is  the  ease  with  Enda- 
meba  blatta*. 


FiQ.   165.— Endameba  ecu. 


ENBAHEBA  OIKOIVAIIS 

(GroB  1849,  emend,  von  FrowAMk  16M) 

S'(th.'m,p*l.,^:  This   ameba   i,    found    in    the   humm 

kunde,  1912,  xxiv.)  month  tjoth  in  health  and  disease.     It  has 

been  descriWd  at  <!ifterent  times  under 
variom  names  (buccalis,  dentaUs)  by  Qros,  Steinberg,  von  Prowazek, 
Lewald,  Smith  and  Barrett,  Chiavaro  and  Craig,  and  quite  recently 
has  been  suggested  as  the  cause  of  pyorrhea  alveolaris  by  Smith  and 
Barrett  and  Bass  and  Johns,  It  is  widely  distributed,  and  has  been 
reported  from  all  quarters  of  the  world. 

The  organism  is  easily  found  in  the  tartar  at  the  base  of  the  teeth, 
in  cavities  in  the  teeth,  and  even  at  the  gum  margin  in  healthy  mouths. 
It  varies  in  size  from  seven  to  thirty-five  microns,  averaging  between 
twelve  and  twenty  (Craig).  Motility  is  well  marked,  though  it  is  not 
so  active  an  organism  as  histolytica,  the  paeudopods,  mostly  short  and 
blunt,  being  formed  of  the  clear,  slightly  refractile  ectoplasm.  The 
endoplasm  is  granular,  contains  (he  nucleus  and  many  food  vacuoles 
containing  nuclei  of  leucocytes  and  granular  matter,  and  rarely  a  few 
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red  blood  cells.  The  nucleus  is  small,  antf  in  fresh  specimens  is  usually 
iiivisible 

Before  encysting  the  parasites  are  much  reduced  in  size,  and  the 
cytoplasm  frees  itself  from  all  inclusions  and  becomes  clear,  spherical 
and  immobile.  The  eyats  are  small,  eigi^t  to  ten  microns,  circular  and 
definitely  outlined,  sometimes  with  a  double  contour,  and  in  stained 
specimens  the  nucleus  is  always  visible.  It  is  small,  averaf^ing  only 
three  microuB  (Craig),  making  it  smaller  than  in  histolytica  and  coli. 
The  limiting  membrane,  while  not  heavy,  b  distinct,  and  encloses  a 
nuclear  body  having  very  little  chromatin  other  than  the  small  cen- 
trally located  karyosome.  Multiplication  occurs  only  in  thevesretative 
state  and  by  binary  fission. 

Cyst  Formation. — Cysts  are  rarely  observed,  and  then  in  small  num- 
bers; the  cyst  wall  is  not  heavy,  but  may  show  a  double  contour;  the 
pnitoplasm  is  clear,  free  from  all  inclusions  and  vacuoles  and  shows  a 
single  small  nucleus,  but  without  any  signs  of  multiplication.  It  is 
apparent,  therefore,  that  the  cyst  is  a  protective  stage  and  has  nothing 
to  do  with  reproduction,  which  occurs  in  the  vegetative  state  only.  In 
this  respect  it  resembles  the  Vahlkampfia. 

Although  the  organism  is  almost  constantly  present  in  pyorrhea 
alveolaris  it  is  also  found  in  healthy  mouths,  and  in  the  absence  of  all 
experimental  proof,  it  is  doubtful  if  the  organism  is  of  pathological 
imprortance.  Emetin  has  a  decided  effect  upon  many  cases  of  pyorrhea 
alveolaris,  and  under  that  treatment  alone  the  disease  may  disappear; 
the  nature  of  its  therapeutic  action  is  not  yet  clear,  and  does  not  neces- 
sarily indicate  any  etiological  relationship. 
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CLASS  n— UASTIGOPBORA  (DOSING) 
grB-CLASS-FLAGELU\TA   (COHX   EB4ESD.   BOTSCHU) 

ORDER  I— POLTKASTIOniA  (BIocJuubb) 

Thpse  arp  flac^llatt-s.  p"wsrt«inc  three  to  cisht  Sagella. 

Oescs  1.  —  TricIiOTioiM  i!).>nne.  1NJ7 '.  — These  have  pjrofonn 

(pear-shaped  1  bodies,  nmnded  in  froot  and  tapering  to  a  point  behind. 

provided  with  three  long  tiacella.  often  matted  together  at  the  anterior 

end.    An  iDlernal  supporting  straotiire.  known  as  the  axial  filament  or 

aiost>-Ie,  is  present    There  is  an  nndnlat- 

inp   membrane   bordered   by   a  trailing 

flagellum  that  begins  anteriorl;  and  nins 

obliquely  backwards. 

Trichoaoaas  Taginalit  (Dotme). — The 
organism  is  fifteen  to  twentj--five  microns 
long  and  seven  to  twelve  wide ;  it  is  pro- 
vided with  three  flagella  and  an  undnlst- 
iiig  membrane.  It  is  found  in  the  vaginal 
ji  secretion  only  when  it  is  acid,  and  in  three 
X  inMances  it  has  been  transmitted  to  the 
male. 

Trichomoua  iatestiulis  (R.  LenckaH. 
187!)*. — This  parasite  is  practically  indis- 
tingnbliable  from   Trirhomonas  i-offiWu. 
It  occiini  in  the  small  intestine  and  appears 
in  the  stools  dnring  diarrheal  attacks,  but 
Fic.  IW— TRirpouos.\s  m-      j^  probably  non- pathogenic.     It  is  readily 
TE-TiN  ALis.     '  ■      ^i"      frtiiml  in  (he  intestine  and  colon  of  mice  ami 
Hniini>(.  ■■  PriH-LS  Ac  Par&-  .  .  ■  ,  i 

Biwjl'«it-."  1914  ed.)  giiinea-pigs.    In  fresh  specimens  (prolmM 

with  a  cover  glass  and  v-ascline)  it  is  ac- 
tively motile,  hut  tlie  undulating  membrane  is  difficolt  to  detect  ontil 
ttic  movement  has  slowed  down. 
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The  presence  of  ^Btic  forms  has  been  questioned,  and  two  quite 
different  forms  have  been  called  resistance  or  dauer  eyets.  The  earlier 
one,  described  by  Ucke  (1908),  Bohne  and  von  Prowazek  (1908),  and 
Benson  (1910),  is  a  fairly  large  body,  showing  a  double  contour  and  a 
central  homc^eneous  mass,  perhaps  food  material,  and  an  outer  ring- 
like body  containing  two  or  more  nuclei.  Brumpt  and  Alexieff  believe 
this  form  to  be  a  fungus,  having  no  relation  to  the  trichomonad,  and 
have  called  it  "Blastocystis  hominis."  Lynch '  agrees  with  these  au- 
thors, and  describes  an  altogether  different  body  as  the  resistant  form. 
It  is  six  by  eight  microns  in  size  and  perfectly  symmetrical  in  shape. 
The  wall  is  distinct,  and  there  is  a  clear  space  between  it  and  the  body 
of  the  parasite.  The  nucleus,  undulating  membrane  and  flagella  re- 
main visible  in  the  cyst,  but  Lynch  was  unable  to  detect  any  change 
in  the  parasite  indicating  intracystic  multiplication. 

Infection  takes  place  probably  by  contact,  and,  as  in  typhoid  fever, 
food,  fingers  and  flies  carry  the  resistant  forms  from  one  individual  to 
another.  Among  the  natives  of  tropical  countries  infection  is  almost 
universal,  but  the  parasites  are  rarely  seen  in  the  large  cities  of  the 
North. 

Oenits  2. — Tetramitis  me«nili  (Wenyon,  1910). — Macrostomo  mes- 
fli7t,  Chiiomasii.r  mesiiili,  Panapapea  iviestinalis.  This  organism,  first 
described  by  Wenyon,  from  a  native  of  the  Bahamas,  differs  from  tri- 
chomonas by  the  possession  of  a  deep  groove 
or  cystotome,  in  which  is  found  the  undulat- 
ing membrane.  It  is  present  jn  diarrheal  dis- 
charges, but  its  pathogenicity  is  doubtful. 


Fia,  167. — Laubua  iNTBeriNAUS.    Cy^t  formalJoD.    (After  Doflein,  "Lehrbudi  ded* 
Protozoenkunde . " ) 

(lENUS  3. — Lamblia  intestinaUs   (Lambl,  1859). — The  lambia  are 
peculiar,   bilaterally   symmetrical,   pear-shaped    organisms,    provided 

>  Li/neh,  Kenneth  M.,  Jour.  Paraaitol.,  UrbaDA,  1916,  iii,  28. 
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with  a  Bucking  disk  anteriorly.  There  are  eight  pairs  of  flagella,  the 
two  posterior  ones  being  continuations  of  longitudinal  axoatyles.  The 
nucleus  is  first  dumb-bell  shaped  and  later  divided  into  two  separate 
Quclei.  Cysts  are  found,  and  according  to  Schaudinn  conjugation 
occurs  in  them  with  the  development  of  four  nuclei.  The  young  para- 
sites attach  themselves  to  the  surface  of  epithelial  cells  of  the  small 
intestine  by  the  sucking  disk,  but  even  when  present  in  large  numbetB 
do  not  produce  any  characteristic  symptoms.  The  same  or  like  para- 
sites are  present  in  mice,  rats,  dogs,  cats,  and  sheep.  Transmission  is 
by  contact,  as  in  trichomonad  infections. 

ORDEB  n— FBOTOKONASIHA 

The  Protomonadina,  another  order  of  the  Flagellata,  have  less  than 
three  flagella,  and  are  divided  into  the  Cercomonadida,  BodoiiidtE  and 
the  Trypavosmtiida. 

Oenits  1. — CercotDOiudidB — Cereoinonas  hominii  (Oavaine,  1854). 
— As  originally  described,  this  organism  has  a  ppar-xhapc'd  body, 
drawn  out  to  a  point  posteriorly,  is  armed  with  a  single  Hagollum  in 
front,  and  has  no  undulating  membrane.  It  is  a  doubtful  specips  and 
of  no  present  importance. 

Genus  2. — Bodonidte  —  Prow««kU  (Ilartmann  and  Chagas). — 
These  organisms,  the  only  examples  of  tht  BodonidtF,  of  medical  inter- 
est, nre  of  some  importance,  since  they  have  been  cultivatetl  from  hu- 
man feces  on  agar  plates.  The  genus  was  founded  for  Prowazekin 
critzi,  a  species  discovered  in  human  feces  in  Brazil.  Other  species  are  . 
urinaria,  asiaiica.  parva.  veinbcrgi  and  javanensis.  There  are  two 
flagella,  arranged  in  the  heteromastigotc  manner,  that  is,  one  Hagelhtm 
projects  forward  and  one  trails  behind.  There  is  no  undulating  mem- 
brane, but  in  stained  specimens  a  second  nucleus  is  seen,  the  kineto- 
nucleus  or  blepharoplast.  They  are  also  found  in  water,  and  are 
probably  not  the  cause  of  any  disease. 

Genus  3.— Trypanoiomidie. — Tlistory  of  the  genus. — In  1841  Val- 
entine discovered  the  first  hemofiagellate  in  the  blood  of  a  trout,  and 
the  following  year  Grnby  described  a  flagellate  in  frog's  blood  and 
nnm((d  it  a  "trypanosonie."  It  was  not  until  1878  that  Lewis  discov- 
ered  the  rat  trypanosome,  Trypanosoma  Icicisi.  The  first  pathogenic 
member  of  the  genus  was  noted  by  Kvans  in  1889  in  the  blood  of  In- 
dian horses  sick  with  surra,  Trypanosoma  evansi.  Bruee  in  1894  de- 
scribed the  trypanosome  of  Nagana,  »  horse  disease  of  Zulnland,  and 
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also  demonstrated  its  transmission  by  the  tsetse  fly,  Trypanosoma 
brucei.  In  1894  to  1899,  Kouget,  Schneider  and  Buffard  found  the 
trypanosome  of  Dourine,  or  "mal  de  eoit,"  among  Algerian  horses. 
Elmassian  described,  in  1901,  the  South  American  horse  disease,  "mal 
de  caderas,"  and  discovered  the  parasite,  Trypanosoina  equtnum. 
Since  this  time  a  large  number  of  new  species  have  been  discovered,  the 
more  important  of  which  will  be  described. 

Morphology. — The  morphology  of  the  trypanosomes,  while  subject 
to  many  voriations  in  detail,  is  still  uniform  as  to  the  characteristics 
of  the  genus,  so  that  there  is-little  difficulty  in  immediately  recognizing 
the  psMsite.  The  body  is  long  and  sinuous,  tapering  anteriorly  to  a 
fine  point  called  the  flagetlum ;  the  posterior  end  is  never  so  delicate 
and  is  often  quite  blunt.  All  contain  t^i-o  naelei,  the  lai^er  beinR  called 
the  trophonueleue  and  the  smaller  the  kinetonueleus.  The  trophonu- 
elens  is  xisnally  located  midway  in  the  length  of  the  body,  and  the 
kinetonueleus  behind  it,  often  at  the  posterior  extremity.  The  flagel- 
lum  arises  from  a  centriole  (blepharoplast),  which  is  located  close  to 
or  !□  the  kinetonueleus,  and  quickly  reaches  the  surface  of  the  body, 
when  it  turns  forward  and  forms  the  border  of  the  undulating  mem- 
brane, a  thin  fold  of  periblast  running  the  entire  length  of  the  body, 
and  is  often  continued  further  forward  as  delicate  filament.  During 
life  the  undulating  membrane  has  a  constant  wave-like  motion. 

Transmission  from  one  animal  to  another  is  usually  by  means  of 
some  blood-sucking  invertebrate.  Two  possible  forms  of  transmission 
have  been  recognized,  the  direct  and  indirect  or  cyclical;  the  direct 
form  is  used  in  the  laboratory  when  transferring  blood  with  a  hypo- 
dermic syringe  from  an  infected  animal  to  a  healthy  one,  and  it  also 
occurs  in  nature,  although  not  so  frequently  as  the  second.  Dourine, 
or  mal  de  eoit,  is  the  best  example  of  the  natural  direct  method.  The 
cyclical  method  is  exemplified  in  the  transmission  of  Trypanosoma 
lewisi  by  the  rat  ilea,  Ceraiophylhis  fasciatus,  in  which  insect  the  tryp- 
anosome passes  through  a  complicated  life  cycle.  Whether  the  para- 
site in  the  insect  ever  passes  from  parent  to  offspring  is  still  doubtful. 
Among  fishes,  reptiles  and  amphibians  the  parasites  are  carried  by 
leeches,  in  whose  intestinal  tract  they  undergo  a  cycle  of  development. 

Just  as  in  malaria,  there  is  usually  an  alternation  of  hosts,  from 
invertebrate  to  vertebrate,  a  part  of  the  life  cycle  being  passed  in  each. 
In  the  bloml  of  the  vertebrate  is  found  the  fully  developed  (rypano- 
Bomc,  and  in  the  intestinal  tract  of  the  invertebrate,  crithidial  and 
trypanomonad  types,  which  are  characterized  by  having  the  kineto- 
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Ducleua  placed  in  front  of  or  close  beside  the .  trophonucletis  and  by 
having  a  rudimentary  undulating  membrane. 

Cultivation. — In  1903,  Novy  and  MacNeal '  first  obtained  pure  cul- 
tures of  trypanosomes  on  artificial  media.  The  medium  devised  by 
tbem  is  prepared  by  e<)UBl  parts  of  nutrient  agar  and  defibrinated  rab- 
bit biQod.  After  the  agar  has  been  melted  and  cooled  to  about  50°  C. 
an  equal  quantity  of  rabbit  blood  is  added,  mixed  and  allowed  to  eooL 
"The  tubes  thus  prepared  are  allowed  to  set  in  an  inclined  position, 
after  which  they  are  at  once  inoculated.  It  is  essential  that  the  sur- 
face of  the  medium  be  moist  and  soft,  and  if  this  is  not  the  case,  the 
tubes  should  be  placed  in  an  upright  position  until  some  i^ter  of 
condensation  accumulates  at  the  bottom.  The  initial  culture  usually 
requires  a  week  or  more,  although  not  infrequently  fairly  rich  growths 
may  be  obtained  in  three  or  four  days"  (Novy). 

Trypanosoina  rotatoriiun.  — Oruby  described  and  named  this 
hemofiagellate  in  1843,  and  it  is,  therefore,  the  ^pe  species  of 
the  genus.  The  oi^nism 
is  widely  distributed 
throughout  the  world,  and 
is  found  in  Rana  escidenta. 
Hana  temporaria  and  Hyla 
arborea;  the  organisms 
are,  however,  not  very  nu- 
merous in  any  single  fn^. 
It  is  most  often  found  dur- 
ing the  spring  and  summer 
months,  rarely  in  winter. 
Morphology.  —  Both 


Fig,  168. — Trypanosoma  rotatoridm  in  Bluuu      ,     ,  ,        ■    ,  ,-  _ 

or  FROG.  IAfU.rMacNeal,''PathoRcnir  Micro-  ^"^'^  »°'*  undulating  mem- 
orKanisms,"  publjahed  by  P.  Blakiaton's  Sons  brane  are  broad,  the  c>-to- 
&  Co.)  plasm  is  granular,  and  to- 

ward the  straight  side 
shows  strite,  probably  indicating  the  presence  of  myoneraes.  The  tro- 
phonucleus  is  large,  lies  near  the  middle  of  the  body  and  near  the 
undulating  membrane;  the  kinetonucleus  is  smaller,  lies  posteriorly 
and  stains  deeply:  the  (lH(relhim  which  originates  near  the  kinetonu- 
cleus turns  forward,  forming  the  border  of  the  undulating  membrane, 

'  Novy  and  MacNeal,  Contrib.   Med.  Research  (Vaughan),  Add  Arbor,   1903, 
p.  649. 
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and  is  continued  forward  as  a  short  flagellum.  The  posterior  end  is 
usually  drawn  out  to  a  stubby  point.  The  fully  developed  organism 
is  large,  being  40  to  tiO  tnierons  long  by  5  to  40  wide.  One  striking 
thing  about  this  parasite  is  its  tendency  to  pleomorphism. 

Multiplication  in  tlu-  blmKl  stream  of  the  frotr  is  by  binary  fission; 
in  addition,  a  form  of  multiple  division  occurs  in  the  viscera,  preceded, 
according  fo  Machado,  by  conjugation  of  sexually  differentiated  forms. 
The  merozoites  liberated  from  the  mother  cell  are  siiiall  try panosomes, 
which  in  turn  grow  to  large  size,  thus  explaining  the  pleomorphism  of 
the  parasite. 

Cultures  have  been  obtained  by  Lewis  and  Williams  on  the  blood 
agar  of  Novy  and  MacXeal  in  which  a  trreat  variety  of  forms  may  be 
seen;  the  method  of  transmission  is  unknown,  but  the  infection  is 
probably  conveyed  by  leeches.  Many  other  trypanoeomes  have  been 
found  in  fishes,  frofis,  and  reptiles  alt  over  the  world. 

TrypanoBoma  lewisi  (Ken't). — This,  one  of  the  longest  known  and 
commonest  forms,  has  been  studied  more  completely  than  any  other 
organism  of  its  class.  It  occurs  in 
8  large  proportion  of  rals  throuK'i- 
out  the  world,  twenty-five  to  om: 
hundred  per  cent  being  infected, 
and  since  it  is  non-paliiofri'nic,  il  in 
a  eonvenient  organism  for  research. 
It  may  be  passed  from  wild  to 
white  rata  without  difficulty,  by  in- 
oculating the  latter  with  a  small 
quantity  of  eitrated  blocKl  contain- 
ing the  organisms.  At  first  the 
parasites  are  few,  but  after  the 
lapse  of  three  or  four  days,  lartte 
numbers  may  be  found  ;  the  condi- 
tion of  rapid  multipHcntinn  laxls 
from  eight  to  fourteen  days,  and 
is  succeetled  by  a  period  of  amonth 
or  more,  during  which  time  the 
parasites  gradually  diminish  in 
number,  finally  disappearing  com- 
pletely, rendering  the  animal  immune  fr<im  further  infection,  the 
immunity  being  complete.  The  serum  of  an  immune  rat  lias  a  certain 
protective  power,  and  when  inoculated  simultaneously  with  blood  con- 


m.  lliS).  —  Tkvpanosoma  lewisi. 
(Aft<'r  Doflt'in  and  Minehin.  Muo- 
Ncul,  "PathoKcnic  Mirroorganiama," 
publiHlieil  by  P.  BUkiston's  Sons  & 

Co,) 
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taining  trypanosomes,  may  prevent  the  iofection.  No  other  animals 
are  susceptible. 

The  blood  should  be  examined  in  both  fresh  and  stained  speciaiens. 
In  fresh  specimens,  because  of  the  rapid,  lashing  movements  of  the 
parasite,  the  organisms  are  particularly  easy  to  find.  The  details  of 
structure,  however,  do  not  appear  except  in  spreads  stained  with  some 
of  the  modifications  of  the  Romanowski  stain,  such  as  Wright's  or 
MacNeal  's. 

In  the  adult  stage  the  organisms  are  quite  uniform  in  si7.e  and 
shape,  betn;;  27  or  2S  microns  long  and  1.5  to  2.0  microns  broad;  the 
posterior  end  is  long,  tapering  and  pointed;  the  ki acton ucleus  oval 
and  flattened ;  the  trophonucleus  is  located  near  the  anterior  end,  and 
the  undulating  membrane,  while  distinct,  is  relatively  narrow.  The 
endoplasm  is  finely  granular,  and  by  careful  focusing  the  body  wall  or 
periblast  may  be  seen. 

Multiplication  in  the  rat  is  rapid,  and  many  young  forms  are  seen ; 
these  are  smaller,  stain  more  deeply,  and  vary  much  more  in  size  than 
the  adults.  Dividing  forms  are  common,  the  division  being  longi- 
tudinal and  une(|iial,  the  parent  retaining  the  fiagellum.  Multiple 
division  also  occurs,  resulting  in  the  production  of  rosettes,  whose 
structure  suggests  that  repeated  longitudinal  division  has  occurred 
without  the  separation  of  the  daughter  cells. 

The  insect  hosts  are  two:  the  rat  flea,  Ceraiophyllus  faxdatus,  and 
the  rat  louse,  Hirmatopinus  spinulosus;  the  former  being  the  right  host 
and  the  latter  the  wrong  one,  since  in  it  development  is  incomplete. 
Minchin  and  Thompson '  have  studied  the  cycle  in  the  flea,  which  is 
briefly  as  follows:  When  the  injected  blood  and  parasites  reach  the 
mit^fut^  of  the  flea,  the  trypanosomes  lose  their  flexibility  and  become 
more  or  less  rigid,  and  are  able  to  penetrate  the  outer  wall  of  the 
epithelial  cells  of  the  stomach.  Once  inside  the  cell,  the  parasite  folds 
npon  itself  and  grows  to  lary;e  si/,e ;  the  nuclei  multiply,  the  body  be- 
comes spherical  and  divides  up  within  its  own  periblast  into  six  or 
eight  daughter  cells,  all  actively  moving  within  their  common  en- 
velope. This  becomes  tense  and  finally  -bursts,  liberating  the  young 
trypanosomes  within  the  epithelial  cell,  through  whose  wall  they  soon 
escape  into  the  lumen  of  the  stomach.  This  form  of  multiplication 
may  be  several  times  repeated,  affer  which  the  young  trypanosomes 
pass  down  the  intestine  to  the  lower  end  to  begin  the  rectal  phase. 


>  Minchin  and  Thompson,  Quarter.  Jour.  Micr.  3c.,  Load.,  1915,  Ik,  463. 
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There  the  ■  parasites  in  iarfie  numbers  are  found  attached  to  the 
epithelial  cells  by  their  Hajrella.  Rapid  multiplication  takes  place  by 
repeated  fission  and  the  parasite  becomes  crithidial  in  form,  that  is, 
it  loses  its  undulating  membrane,  becomes  short  and  stubby,  and  the 
kinetoDuclens  moves  forward  close  to  or  in  front  of  the  trophonucleus. 
Ultimately  some  change  back  to  minute  trypanosomes,  -and  these, 
when  regurgitated  or  passed  in  the  feces,  serve  to  infect  the  nest  vic- 
tim. The  rectal  phase,  when  once  established,  lasts  for  several  months 
or  perhaps  indefinitely,  making  every  infected  flea  a  chronic  carrier.. 

TrypaEosoma  evansi.  —  Surra  is  a  disease  of  horses  and  males, 
camels,  elephants,  buffaloes,  and  dogs,  which  prevails  in  India  and 
other  parts  of. Asia,  and  also  in  the  Philippines  and  Northern  Aus- 
tralia. The  Philippine  outbreak  was  traced  to  animals  returned  from 
China  after  the  Boxer  outbreak;  for  at  that  time  American  trqpps 
came  into  contact  with  native  Indian  troops  and  their  animals. 

The  trypanosonie  causing  the  disease  was  discovered  by  Evans  in 
1880.  The  clinical  course  of  the  disease  is  marked  by  an  irregular 
recurring  fever,  with  many  remissions,  during  which  the  parasite  can- 
not be  demonstrated  in  the  blood,  although  it  is  not  difficult  to  find 
during  the  febrile  period.  The  animal  is  anemic,  weak,  emaciated, 
and  may  show  an  ecchymotic  eruption  on  the  abdomen.  The  course  of 
the  disease  may  be  either  short  or  long,  but  leads  almost  invariably  to 
death.  In  camels  it  lasts  from  two  Jo  four  years,  often  without  symp- 
toms until  near  the  end,  and  these  animals  probably  act  as  chronic 
carriers. 

Morphology. — Morphologically,  the  parasite  is  very  like  the  Tryp- 
anosoma bnicci  of  Nagana,  yet,  as  a  rule,  the  trophonucleus  lies 
nearer  the  Hnteriiir  end  than  in  brueei,  although  it  may  be  impossible 
to  distinguish  in  smears  between  the  two. 

The  disease  is  carried  by  biting  flies,  tabanidw  and  stomoxys,  and 
also  by  fleas. 

TrypaniHOina  bmcei. — Nagana  is  a  well-known  horse  and  animal 
disease  of  Africa,  which  causes  an  enormous  economic  loss  and  has 
greatly  interfered  with  the  development  of  the  country.  The  para- 
site was  discovered  by  Bruce  in  1895.  Among  the  natives  it  is  known 
as  tsetse  flj'  disease,  and  investigation  has  incriminated  Oloasina  mor- 
sitans  as  the  carrier.  Clinically,  the  disease  in  horses  is  much  like  the 
Surra  of  India;  the  native  name  for  the  disease,  nagana,  means  weak- 
ness. Nearly  all  the  larger  animals  are  susceptible  to  either  natural  or 
artificial  infection,  yet  man  is  apparently  immune. 
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Morpkology.~VloTpho\o^ictiUy,  it  resemblos  closely  mofrt  of  the 
other  pathogenic  trypauosoiiifs,  ami  Minchin  makes  it  the  type  of  a 
group  of  pathogenic  trypanosoines,  all  closely  resembling  one  another 
and  possibly  descended  from  one  common  ancestor:  the  group  consists 
of  brucei,  gambiense,  evansi,  cquiperdum,  rhodesiense,  and  liijipicnm. 
The  organism  is  less  slender  than  lewisi  and  has  a  wider  undiilatit^ 
membrane.  The  posterior  end  is  relatively  short,  the  trophonucleus 
ties  in  the  middle  of  the  body  and  the  kinetonueleus  at  the  extreme  poe- 


1_C^ 


'<^ 


Fig.  170.^Thb  Most  Important  Trypanosoubs  Parasitic  in  Vbet«britw.  A, 
Tr.  lewiai;  B,  Tr.  evansi  (India);  C.  Tr.  evoiwi  (Mauritius);  D.Tr.  brum;  E, TV. 
equipenlum;  F,  Tr.  equinum;  G,  Tr.  dimorphon;  H,  Tr.  gambiense.  (X  1500.) 
(From  Dofli'id  after  Novy.  MaeNeal,  "Pathogenic  Microorganiams,"  puhlisbed 
by  P.  Biakiston's  Sons  &  Co.) 

terior  end;  a  vacuole  is  placed  just  in  front  of  the  latter.  In  length 
the  parasite  measures  twenty-five  to  thirty-five  microns  and  is  one  and 
a  half  to  two  and  a  half  microns  in  width ;  multiplication  in  the  blood 
stream  is  by  binary  fis.sion. 

Transmission  is  by  means  of  the  tsetse  fly,  Olossina  morsitans,  and 
perhaps  Olossina  pallidipes  and  Gloxaina  fiisca.  The  fly  may  transmit 
the  disease  directly  after  infection,  acting  as  a  mere  mechanical  car- 
rier, but  it  is  more  probable  that  a  cyclical  development  of  the  para- 
site takes  place  in  the  fly,  after  which  it  remains  infectious  for  a  long 
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period.  It  has  been  shown  that  after  the  first  few  hours  the  fly  is  not 
infectious  again  until  the  lapse  of  eighteen  days,  when  its  bite  once 
more  conveys  the  disease,  and  trypanosomes  may  be  found  in  the  intes- 
tinal canal,  the  body  cavity,  the  salivary  glands  and  in  the  proboacis. 
Studies  of  the  cycle  in  the  lly  show  that  only  about  five  per  cent  of 
the  flies  permitted  to  feed  on  sick  animals  become  chronic  carriers. 
The  work  of  Bruce  and  others  has  shown  that  the  trypanosomes  are 
more  or  less  harmless  parasites  of  the  big  game  animals  of  Africa, 
which  therefore  are  believed  to  act  as  a  reservoir,  from  which  the  dis- 
ease is  transferred  to  the  domestic  animals  by  the  tsetse  fly.  The  dis- 
tribution of  (jlossina  is  not  uniform,  as  they  are  only  present  in  cer- 
tain definite  areas  called  fly  belts.  Since  the  disease  does  not  spread 
ill  the  absence  of  the  larger  wild  animals,  it  has  been  proposed  that  all 
big  game  be  exterminated  as  a  prophylactic  measure.  Mice  and  rats 
are  susceptible  and  die  in  six  to  fourteen  days  after  inoculation; 
guinea-pigs  are  more  resistant,  and  may  show  one  or  more  relapses 
within  two  to  ten  weeks.  It  has  not  been  possible  to  immunize  latter 
animals,  although  a  certain  degree  of  success  has  been  obtained  with 
the  smaller  animals  used  in  the  laboratory. 

Cultures  have  been  grown  on  artificial  media,  yet  not  so  readily 
as  with  lewisi  and  avian  trypanosonus.  The  medium  recommended  by 
MacNeal  contains  the  extractives  of  one  hundred  and  twenty-five  grams 
of  meat,  ten  of  peptone,  five  of  salt,  and  twenty-five  of  agar  to  the 
liter;  to  this  is  added  twice  its  volume  of  warm,  defibrinated  rabbit's 
blood.  The  blood  agar  slants  should  be  soft  and  moist  when  inocu- 
lated. Filtrates  from  cultun-s  are  not  toxic,  the  toxin  apparently 
being  liberated,  according  to  MacNeal,  from  the  body  of  the  disinte- 
grating trypanosome. 

Trypftnosonut  hippicum  (Darling).— -The  disease  caused  by  this 
trypanosome  in  horses  and  muli's  has  been  known  in  Panama  for  many 
years  under  the  name  of  "Murrlna  de  caderas"  or  " Derrengadera  de 
caderas,"  the  latter  term  being  used  when  paralysis  of  the  posterior 
extremities  is  the  dominant  symptom  ;  both  names  indicate  a  weakness 
of  the  hind  quarters.  The  symptoms  are  weakness,  emaciation,  and, 
sooner  or  later,  conjunctivitis  and  subconjunctival  ecchymosis,  and 
anemia.  The  horses  and  mules  afi'ocfed  are  obviously  weak,  and  while 
in  the  stall,  pull  back  on  the  halter,  or  stand  with  straddling  hind  legs. 
The  incubation  period  in  animals  used  for  experiment  is  less  than 
a  week,  a  few  animals  lose  weight  rapidly  and  die  within  a  few  days, 
others  live  for  several  weeks. 
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Treatment,  including  the  use  of  arsenical  preparations,  is  without 
elfeet,  and  all  infected  animals  should  be  destroyed. 

The  disease  ia  apparently  transmitted  directly  by  flies,  which  carry 
blood  and  serum  from  ulcers  and  abrasions  on  infected  to  healthy 
animals. 

Morphology  of  the  Parasite. — The  trypanosome  is  sixteen  to  eight- 
een microns  lon^;  and  two  microns  wide.  The  kinetonueleus  is  about' 
two  microns  from  the  posterior  end,  the  trophonueleus  about  eight  to 
ten  microns  from  the  same  point.  The  posterior  end  is  blunt  and  the 
cytoplasm  usually  contains  numerous  basophile  granules;  the  undu- 
lating membrane  is  well  developed  and  a  chromatin  filament  runs  from 
the  kinetonueleus  to  the  tip  of  the  flageilum.  The  large  kinetonueleus 
distinguishes  this  organism  from  Trypanosoma  equinum. 

Pathological  Anatomy. — Aside  from  the  emaciation,  eduma  of  the 
belly  wall,  conjunctivitis  and  subcoDJunctival  ecehymosis,  there  is  usu- 
ally excessive  fluid  in  the  body  cavities,  an  enlarged  spleen,  and,  what 
is  more  characteristic,  small  petechial  spots  on  the  capsule  of  the 
spleen  and  in  the  cortex  of  the  kidney  and  in  the  endo-  and  pericar- 
dium and  occasionally  on  the  pleural  surfaces. 

Prophylaxis  consists  in  the  destruction  of  all  infected  animals;  the 
protection  of  wounds  and  ulcers  in  otherwise  healthy  animals  by  dress- 
ings and,  wherever  possible,  the  use  of  fly  screens  about  the  stubles. 

Trypanosoma  eqtiiperdnm  (Dourine). — This  organism  is  the  cause 
of  dourine,  a  disease  of  horses  and  donkeys,  which  is  usually  trans- 
mitted by  coitus,  but  may  be  carried  by  biting  flies,  stomoxys.  The 
organism  was  first  described  by  Rouget  in  1894;  it  resembles  brttcei  in 
many  ways  and  produces  a  progressive,  fatal  disease  of  great  economic 
importance.  Formerly  it  was  present  throufjhout  the  greater  part  of 
£urope,  but  is  now  almost  limited  to  the  shores  of  the  Mediterranean. 
From  time  to  time  it  has  been  introduced  into  the  Tlnitcd  States  and 
Canada  by  blooded. French  stallions  and  has  spread  into  parts  of  the 
Northwest. 

The  clinical  course  may  be  divided  into  a  stage  of  edema,  lasting 
about  a  month,  during  which  there  is  a  painless,  soft  swelling,  limited 
to  the  genitalia  and  the  belly  wall.  This  is  followed  by  the  stage  of 
eruption,  during  which  plaques,  or  roimd  edematous  areas,  arc  found 
under  the  hide  on  the  flanks  and  hind  quarters,  and  sometimes  on 
thighs,  shoulders  and  neck ;  this  stage  is  short,  lasting  about  a  week. 
It  is  followed  by  the  third  stage  of  paralysis  and  anemia ;  the  animal 
loses  flesh   and  strength,  develops  superficial  ulcers,  conjunctivitis. 
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keratitis,  and  ultimately  paralysis,  leading  to  death  in  two  to  eighteen 
months. 

The  trypanosome  is  found  moat  readily  in  the  serous  exudate  from 
the  ulcers,  as  it  ia  infrequent  in  the  peripheral  circulation;  in  this 
respect  it  resembles  the  treponema  of  lues.  The  organism  is  about 
twen^-five  microns  in  lenj^th  and  possesses  a  clear  cytoplasm,  free 
from  granules,  except  when  propagated  in  white  mice,  when  they  are 
plentiful.  , 


Pia.  171. — DocRiNB.  Showing  swelling  of  genitalia  and  plaques  on  the  skin. 
(After  Kolieand  Wassermaim,  "Handbuch  der  Patbogenen  Mikro-organismen," 
2te  Aufl.,  1913.) 

Diagnosis  by  Cotiiplement  Fixation. — E.  A.  Watson,'  of  Canada, 
has  shown  tliut  it  i.s  p(isaible  not  only  to  diagnose  tlie  disease  when  the 
eliniea!  sijma  are  clear,  but  also  to  determine  the  existence  of  its  non- 
clinical, obscure  and  latent  forma.  Horses  may  tolerate  an  infection 
for  one  to  three  years,  during  which  time  they  are  capable  of  convey- 
ing the  disease  and  yet  remain  normal  in  health  and  general  appear- 
ance, and  this  method  of  diagnosia  is,  therefore,  invaluable. 

Watson  obtains  the  antigen  by  inoculating  a  large  number  of 
white  rats  with  Trypanosoma  equiperdum,  collecting  their  blood  when 

'  E.  A.  Watson,  Panwitology,  Cambridge,  Eng,,  1916,  VIII,  166, 
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tecinine  witli  trypanosomes,  ami  separating  tliem  from  the  erjthro- 
cytes  and  plasma  by  washing  anil  ceiitrifuging.  Each  of  ten  to  twenty 
rats  receive  0.3  c.c.  of  blood  rich  in  trypanosomes  intraperitoneally, 
and  at  about  the  end  of  the  third  day,  when  the  organisms  are  very 
ntiroerous,  the  rats  are  bled  into  citrate  solution.  By  repeated  washing 
the  oi^anisnts  may  be  separated,  as  a  pure  white  layer  overlying  the 
erythrocytes.  This  mass  of  organisms  is  killed  and  presen-ed  by  a 
formal in-glycerin  mixture,  after  which  its  antigenic  strength  is  stand- 
ardized by  titration  in  the  usual  way.  The  test,  a  pure  culture  of 
trypanosomes  being  used  as  antigen,  is  specific  and  is  not  positive 
in  any  oflier  disease  of  horses. 

TrypanoMma  avium. — This  parasite  was  first  described  by  Dani- 
lewski  in  1885.     In  1905,  Novy  and  MacNeal '  found  trypanosomes 


Fig.  172.— Thvpanosoma  avii-m  in  Blood  or  C'ommun  Wu.d  Biriw.  (Aft«  No(t 
unJ  M:ii-Neul.  MacNcul,  "Puthugi-nic  Microiirganisms,"  published  by  P.  Blat* 
ton's  Kona  &  Co.) 

in  H.K  (HT  (-.■nt  of  431  AiiiiTican  birds.  AUhough  there  are  doubt- 
less .several  speeies,  the  most  coiiimon  is  Trypanosoma  avium,  a  para- 
«itc  twenty  to  seventy  iniiTons  long  and  four  to  seven  microns  wide- 
They  are  found  in  tlie  blood  over  long  periods  of  time  and  do  not 
appear  to  be  patliogenie.  Cultures  are  easily  made  and  kept  alive 
for  long  periods  by  weekly  transfers.  The  mode  of  transmission  is 
unknown. 

This  was  the  parasite  which  was  confounded  in  1904  by  Schaudinn 
with  devi'loimientnl  slajri's  in  the  lifi'  cycle  of  Ileniorprolrvs  HOftwr 

'  .Voi'j)  nnd  MnrNeal,  Jour,  liitoct.  Dis.,  C^liicago,  1905,  ii,  256. 
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and  Hemorproteus  ziemani  with  resulting  confusion  in  the  study  of 
trypanosomes  and  hemocytozoa,  and  it  is  only  recently  that  the  error 
has  been  generally  ackowledged. 


Fio.  173. — Tetpanosoua  avium  in  Coltore  on  Blood  Aoar.  (x  1600.)  (After 
Novy  and  MacNeal.  MacNeal,  "Pathogenic  Microorgam^ms,'"  published  by  P. 
Blakiston's  Sona  4  Co.) 

Trypftnosoma  gambiense  (Sleeping  Sickness). — Two  names  have 
been  given  to  the  disPBse  caused  liy  this  parasite,  both  of  which  are 
now  recognized  as  stages  in  one  and  the  same  infection,  human  tryp- 
anosomiasis: they  were  trypanosome  fever,  and  sleeping  sickness.  It 
is  a  chronic  infection  characterized  by  fever,  lassitude,  weaKness, 
wasting,  and,  in  its  terminal  stages,  by  a  protracted  lethargy,  Slpep- 
ing  sickness  and  trypanosome  fever  had  long  been  known  in  tropical 
Africa,  and  the  disease  at  present  Is  widespread  and  the  cause  of 
tremendous  mortality.  It  is  e.stiniafed  that  one  hundred  thousand 
deaths  occurred  during  tlie  ten  years  ending  in  1910.     It  is  endemic 
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in  the  lake  region  of  Central  Africa,  and  in  the  Congo  basin.  It 
was  early  introduced  into  Martinique  in  the  West  Indies,  but  did  not 
spread  and  has  now  died  oiit- 

Dutton  and  Todd  found  the  parasite  in  1901  in  the  blood  of  an 
Englishman  in  Gambia,  who  died  after  a  febrile  illness  of  two  years' 


Fio.  174. — Trypanosoma 


CalkJD,  "  ProtoKofllogy." 


duration-;  Castellani  in  1903  found  the  parasite  in  the  cerebro-spioal 
fluid  of  well-marked  cases  of  sleeping  sickness  occurring  among 
natives  of  Uganda, 

Clinical  Siijns. — The  disease  begins  with  slight  febrile  attacks, 
headache  and  increasing  weakness,  emaciation,  swelling  of  the  eyelids 
and  enlargement  of  the  lynipli  nodes.  The  temperature  increases, 
edema  of  the  extremities  appears  and  the  spleen  enlarges.  During 
the  last  stages  nervous  symptoms  predominate  and  the  patient  sleeps 
day  and  night,  but  may  have  periods  of  excitement  or  eonvnlsions, 
yet  finally  sinks  into  deep  coma  and  dies  of  exhaustion. 

Etiology. — The  disease  is  transmitted  by  the  bite  of  the  tsetee  fly, 
Glossina  patpalis,  which  is  apparently  able  to  transmit  the  infection 
mechanically  immediately  after  biting  an  infected  host,  yet  in  most 
flies  the  trypanosomes  disintegrate  and  disappear  from  the  intestinal 
tract  within  four  or  five  days.     In  from  five  to  ten  per  cent  of  the 
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flies,  however,  the  trypanosomes  multiply  in  the  intestinal  tract,  and 
after  eighteen  to  fifty-three  days  they  again  become  infectious  and  re- 
main so  for  a  long 
period,  the  parasites  be- 
in^  found  regularly  in 
the  salivary  glands  and 
in  the  proboscis. 

It  is  possible  that  the 
disease  is  transmitted  in 
other  ways  than,  by 
Gloesina  palpalis ;  blood- 
sucking insects,  such 
as  stomoxys,  anopheles, 
mansonia  and  perhaps 
fleas,  may  act  as  me- 
chanical caJTJers.    It  is 

also    possible    that    tlie     Pia.  175.— Tarreu  Flt  (GtawiTw  palpolw).    {From 
disease     is    transmitted         Rosenau,  "Preventive  Medicine  and  Hygiene.") 
by  coitus.  Without  some 

such  explanation  it  is  difficult  to  understand  certain  house  epidemics 
vrhich  have  occurred  outside  the  fly  belts. 

The  animal  host  of  the  Trypanosoma  gambieiisc  is  believed  to  be 
the  big  game  animals,  particularly  the  antelope. 

Morphology. — The  OT^anism  belongs  to  the  brucei  group,  and  its 
differentiation  on  morphology  is  difBcult,  yet,  on  the  average,  the 
posterior  end  is  somewhat  more  pointed  than  the  bnnei.  In  length 
it  varies  from  fifteen  to  thirty  microns,  and  in  thickness  from  one  to 
three  mierons.  In  fresh  preparations  the  motility  is  not  marked ; 
both  plump  and  slender  forms  are  found  in  the  blood,  but  in  the  cere- 
bro-spinal  fluid  slender  forms  only  are  seen. 

Cultures  on  blood  agar  have  been  made  by  Thompson  and  Sinton, 
yet  they  died  out  after  a  few  weeks,  and  were  never  virul«nt.  The 
pathogenicity  varies  somewhat  with  the  strain  used,  but  apes  are  easily 
infected.  In  white  rats  there  may  be  two  or  three  relapses  before  ^ 
death  occurs,  while  when  inoculated  with  brucei  death  follows  within 
two  weeks. 

Pathogenicity. — Although  cultures  vary  greatly  in  virulence,  it  is 
pns.=ible  to  infect  rati,  dogs  and  monkeys  with  a  fatal  trypanosomiasis ; 
cattle,  sheep  and  pnats  continue  to  show  a  few  parasites  for  months 
after  inoculation  hut  without  sickening.    In  no  animal,  however,  19 
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it  possible  to  reproduce  tlic  sleeping  sickDees  stage  as  it  occurs  in 
man. 

Diagnosis, — When  the  disease  is  well  developed  in  an  endemie 
area,  the  diagnosis  is  easily  made.  During  the  early  stages  the  exami- 
nation of  the  eerebro-spinal  fluid,  puncture  fluid  from  the  lymph  nodes 
and  the  peripheral  blood  may  all  show  the  trypanosome;  since  the 
parasites  are  scarce  the  use  of  the  thick  flim  method  of  Ross  may  be 
necessary.  When  direct  examination  is  unsuccessful,  enrichment  in 
the  blood  of  susceptible  animals,  rats  and  mice  will  establish  the 
diagnosis. 

Treattneni. — Treatment  is  based  upon  the  observation  of  Bmee 
and  Lingard,  that  arsenious  acid  is  trypanocidal.  The  best  results 
have  been  obtained  with  at<)xyl,  in  half  gram  doses,  repeated  at  inter- 
vals of  ten  days  or  more  for  7iot  less  than  four  months.  Light  cases 
become  trypanosome  free  and  are  apparently  cured,  yet  many  relapse 
on  cessation  of  treatmciil.  Well  marked  casi's  may  show  improvement 
yet  ultimately  grow  worse  and  die.  Other  arsenical  preparations  have 
been  used  but  none  are  entirely  successful.  Salvarsan  drives  the 
parasite  from  the  peripheral  blood  but  not  from  the  cerehro-spinal 
fluid.    The  prognosis  is  unfavorable. 

Prophylaxis. — Prophylaxis  is  quite  complicated  and  is  carried  out 
along  several  different  lines.  Infected  ffy  belts  are  depopulated,  the 
inhabitants  being  removed  to  a  fly-free  district  where  they  may  be 
treated  at  hospital  stations.  The  fly  breeding  may  be  greatly 
diminished  by  clearing  off  the  forest  and  brush,  especially  along  the 
river  courses,  since  the  gloxxtna  needs  abundant  moisture  for  its  propa- 
gation. Since  the  tly  bites  only  during  the  day,  all  traveling  in 
infceted  districts  is  best  done  at  night. 

As  it  is  recognized  that  the  antelope  is  the  permanent  resen-oir  for 
Trypanosoma  gambiense,  the  obvious  remedy  is  its  extermination. 

Trypanosoma  rhodeaiense.  —  This  parasite  was  established  by 
Stephens  and  Fantham.'  It  is  transmitted  by  the  Glossina  morsitans. 
a  fly  which  is  widespread  over  large  tracts  of  country,  independently 
^of  the  presence  of  water.  It  is  becoming  generally  recognized  that 
there  arc  two  forms  of  sleeping  sickness,  one  of  which  is  caused  by 
Jhis  trypanosome.  This  form  of  the  disease  is  more  acute  and  is 
unaffected  by  treatment;  the  trypanosome  is  also  more  virulent  for 
animals  and  may  be  differentiated  from  gambiense  on  its  morphology. 


'  SU^hem  and  Fanlkam,  Proc.  Roy,  Soc,  XftlO,  Ser.  B.,  licxxili.  28. 
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As  both  parasites  are  found  in  the  antelope,  the  prophylaxis  is  the 
Banie.  Bruee '  is  of  the  opioiou  that  rhodesiense  and  brucei  are 
identical. 

ScliizotrTpaniinL  cnizi.  —  This  parasite,  whieh  differs  from  all 
other  trypanosomes,  is  the  cause  of  a  form  of  human  trypanosomyasis 
occurring  in  Brazil.  It  is  transmitted  by  a  bug,  Conorhinus  megistus, 
in  which  the  parasite  passes  part  of  its  cycle  of  development.  In  the 
human  being,  multiplication  takes  place  in  endothelial  cells,  lympho- 
cytes and  other  parenchymatous  cells  of  the  viscera;  and  also  in  the 
skeletal  and  heart  muscles.  While  in 
this  stage  the  parasite  has  no  flagel- 
lum  and  resembles  the  leixhmania; 
only  after  escape  into  the  blood  does  ^^ 

it  take  on  the  trypanosome  form.  .jff~\ 

Guinea-pigs,  rats,  mice  and  mon-       ^^^ 
keys    are   susceptible ;    the    bed-hug,     Fiq.  176.— ScmzoTRypANOM  cruzi 
cimex,  is  also  capable  of  transmitting  i"  Human  Blood.     (From  Dot- 

the   disease.  lein  after  Chagas.  HacNeal,  Path- 

„    ,,  1  .    •       1  >       i~ii     '  oeetiic     MicrooivaniBms,"     pub- 

Cultures  were  obtamed  by  Chagas        ^^^  ^^  ^  Bteki.t«n'.  So»  4 
and  proved  virulent  for  animals.  The         q^,  ) 
human  disease  is  found  both  in  chil- 
dren and  adults  and  is  regularly  fatal.     It  is  characterized  by  an 
irregular  fever,  severe  anemia,  swelling  of  the  lymph  nodes,  edema 
and  disturbance  of  the  nervous  system. 

Leirhmania. — This-  genus  was  founded  by  Ross_  in  1903  for  the 
Leish man-Donovan  and  Wright  bodies  found  in  kala-azar  and  Delhi 
boil,  to  which  Nieolle  added  another  in  1909,  the  parasite  of  infantile 
splenomegaly,  Leishman,  Donovan  and  Wright,  working  independ- 
ently, described  the  first  two  jftrasites  in  1903,  and,  although  they  have 
received  various  names,  leishmania  is  now  the  accepted  term.  Rogers, 
Calkins  and  others,  however,  class  them  a.f  herpetomonads,  because  of 
the  elongated,  flagellated  form  all  take  in  cultures  on  the  Novy-Mac- 
Neal-Nicolle  blood  agar  medium.  It  is,  however,  best  to  consider  them 
aa  a  separate  genus,  because  of  their  nattiral  parasitic  iiabits  in 
human  beings.  Leveran,  Fantham  and  others  have  shown  that  it  is 
possible  in  the  laboratory  to  induce  the  herpetomonads  parasitic  in 
the  intestine  of  various  insecta  to  become  parasitic  in  various  ver- 
tebrates. 

>  Brace,  Bull.  Trop.  Dis..  1916,  vii,  68. 

Digitized  by  Google 


PATHOGENIC  PROTOZOA 


Fio.  177. — ScBizoTRVPANvu  CRtr^i  Developing  in  Tissues  or  GotNEA-Pia.  1, 
Croes-sectioD  of  fibers  of  striated  muscle  conttuning  SchJxotrypanuin  cnui;  2, 
Section  of  brain  Bhowin^  cyst  in  a  neuroglia  cell  containing  chkfl}'  flageUatfid 
forms;  3,  Section  thruusb  suprarenal,  fascicular  zone;  4,  Section  of  brain  show* 
ing  neuroglia  cell  filled  with  round  forms.  (After  Low  and  Vianna.  MacNeal. 
"  Pathogenic  Microdr^anisma,  published  by  Blakiston's  Sons  &  Co.) 
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Leishmania  donovani  (Kala-szar). — This  parasite  is  the  cause  of 
kala-azar,  a  disease  characterized  by  irregular  fever,  weakness,  anemia, 
cachexia  and  a  remarkable  enlat^meot  of  the  spleen,  and  occasionally 
of   the   liver.  ■   It   is 
chronic,     progressive 
and  frequently  fatal, 
the    mortality    being 
about    80    per    cent. 
The   disease   is  com- 
mon in  tropical  Asia 
and   in   northeastern 
Africa. 

M  orphology. — The 
parasite  is  intraeellu- 
lar,  and  is  found 
principally  in  the 
endothelial  cells  of 
the  spleen  and  liver, 
and  in  the  bone  mar- 
row. It  is  oval,  two 
to  four  microns  in  di- 
ameter, finely  granu- 
lar and  occasionally 
vacuolated.  It  con- 
tains a  large,  round 
nucleus  and  a  smaller 

blepharoplast    which     -r^       ,„^     ■,  „       ,.  .,  j 

,  ,        Fio.    178. — Leisrmania    donovani.      (Army    Med. 

IS  oval  or  rod  shaped;  School -Collection,  Washington,  D.  C.) 

a  third  body,  a  slen- 
der short  thread,  may  sometimes  be  recogniiied,  which  is  presum- 
ably the  undeveloped  flagellum.  Stained  specimens  of  blood,  spleen 
and  liver  pulp,  and  bone  marrow,  usually  show  large  endothelial  cells 
or  leucocytes  closely  packed  with  parasites,  one  to  two  hundred  to  a 
single  cell.  Multiplication  in  the  body  is  by  simple  division,  and 
incompletely  divided  pairs  of  organisms  are  frequently  seen.  Cultures 
have  been  obtained  in  citrated  blood  and  on  the  usual  N.  N.  N.  medium. 
When  fully  grown  the  cultural  organisms  are  typical  herpetomonads 
(leptomonads) ;  the  cell  body  elongates  and  the  rudimentary  whip 
develops  into  a  true  flagellum.  Both  d<^  and  monkeys  are  susceptible 
to  artificial  inoculations. 
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The  parasite  is  probably  transmitted  by  some  insect,  either  cimex 
{Rogers),  or  by  the  dog  flea,  Ctenocepkalus  canis  (■Wenyon)^or  » 
plant- feeding  bug,  Conorhimis,  which  occasionally  sucks  blood. 

Animal  I'alhogenicity. — Wenyon  in  1913 '  inoculated  a  dc^  with 
splenic  emulsion  from  a  man  who  died  in  London  of  kala-azar  con- 
tracted in  Calcutta,  The  parasite  has  been  successfully  carried 
through  five  animals,  and  in  11115  an  examination  of  the  bone  marrow 
showed  not  only  typical  leishiiiania,  but  also  a  few  large,  well-marked 
leptomonad  forms.  Similar  forms  were  described  by  Escomel  in  1911, 
from  South  American  dermal  lesions.    Monkeys  may  also  be  infected. 

Leishmania  tropica  (Delhi  or  Aleppo  boil)  is  the  oi^anism  fonnd 
in  a  local  skin  affection  variously  termed  Delhi  boil,  Aleppo  boil  op 
tropical  ulcer.  While  it  is  probably  transmitted  by  some  insect,  there 
is  as  yet  no  definite  proof.  The  incubation  period  is  about  two 
months,  while  the  disease,  once  manifest,  lasts  twelve  to  eighteen 
montlis  and  is  followed  by  immunity  for  life. 

The  parasite,  which  was  first  described  by  J.  H.  Wright,'  shows 
minoi*  difference  from  Luishuiania  donovani,  particularly  a  variable 
morphology,  all  gradations,  from  the  usual  oval  to  elongated  narrow 
forms  with  pointed  ends,  being  found. 

Cultures  liiay  be  obtained  on  the  N.  N.  N.  blood  agar,  which  develop 
into  leptomonads,  as  with  Leishmania  donovani.  Dogs  and  monkey*): 
are  susceptible  to  artificial  inoculation,  and  it  is  possible  that  in  nature 
the  disease  is  carried  from  dogs  to  human  beings  by  some  insect. 

Leishmania  infantum  (Infantile  Splenomegaly)  was  described 
by  Nicollc  in  !!)()!)  t'mm  cases  of  infantile  splenomegaly  occurring  in 
Northern  Africa.  The  disease  resembles  kala-azar  in  all  respects,  except 
tbnt  the  patients  are  young  cliildren,  and  it  is  possible  they  are  the 
same  disease.  The  parasites  are  found  in  abundance  in  the  liver, 
spleen  and  bone  marro*v  at  autopsy  and  may  be  cultivated  in  the  usual 
way  on  the  N.  N.  N.  bioiKl  ajrar. 

Animal  Pathogenicit)/. — The  disease  occurs  naturally  in  African 
dogs,  and  they  are  probably  the  source  of  infection,  the  parasite  being 
carried  by  a  tiea  or  si>mc  other  insect.  Dogs,  monkeys  and  guinea-pigs 
are  susceptible  to  artificial  inoculation. 

The  treatment  of  1etsbmauia>iis  is  unsatisfactory  since  there  is  no 
known  specific. 


>  HVi,j/on,  .lour.  Tntp.  Med.  and  HyR.,  lymdon,  1915,  j 
»  Wriffhl,  J.  H.,  Jour.  Med.  Res.  Bost.  1903,  x,  472, 
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Two  other  forms  of  dermal  leishmaniasis  have  been  described ;  tlic 
first,  due  to  Leishmania  braziliciisis,  occurs  in  many  parts  of  South 
America.  The  parasite  is  morphol(«ically  identical  with  Leishmania 
tropica.  Since  the  disease  is  always  contracted  in  the  virgin  forest, 
one  name  for  the  affection  is  forest  yaws;  iita  and  espiimlia  are  prob- 
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Fio.  179. — Leibhmania  infantum.     (.Anny  Med.  Sphoi>l  Colleclion,  WashiiiKton. 
D.  G.) 

ably  different  clinical  forms  of  the  same  disease.  The  transmitting 
insect  cannot  well  belong  to  the  household  vermin  or  domestic  insects; 
sylvan  insects  siteh  as  tlie  ixodides.  tabanides,  simulids,  mosquitoes  and 
Conorhimis  are  all  suspected  of  being  carriers. 

The  second  form  is  called  Leixhmania  nilotica  (Brumpt,  1913), 
and  is  fflnnd  in  non-nlcerating  keloid  nodules  in  Egyptian  negroes. 
Morphologically,  the  parasite  is  indistinguishable  from  Leishmania 
tropica. 
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CLASS  UI— SPOROZOA' 

SUB-CLASS— TELOSPORIDU 

HEKOSPOKIDIA 

The  Hctnosporidia  and  ISarvosporodia  are  the  only  members  of  this 
order  of  medical  interest.  The  hemosporidia  belong  to  the  sulMslass 
Telosporidia  of  the  Sporozoa,  because  spore  formation  begins  at  the 
end  of  the  life  cycle. 

The  systematists  have  not  yet  agreed  upon  the  proper  classification 
of  this  group  of  parasites;  consequently  tlie  older  arrangement  will 
be  followed.  They  are,  like  the  coccidia,  parasites  of  cells,  at  least 
during  the  schizogenous  cycle ;  all  change  hosts  to  some  insect  for  the 
sporogenous  cycle.  As  the  name  implies,  they  live  in  blood  cells  and 
are  rapidly  growing  ameboid  bodies,  which,  beginning  as  sporozoites, 
penetrate  the  host  cells  and  develop  into  trophozoites.  These  grow 
rapidly  to  adult  segmenting  parasites,  in  which  case  they  are  called 
schizonts,  or  *)  sexual  forme,  or  gametes,  when  they  are  termed 
sporonts.  In  the  course  of  their  development,  most  species  produce 
melanin  from  the  destruction  of  the  hemaglobin. 

The  nucleus,  which  is  readily  stained,  is  single  and  possesses  a 
karyosdme;  the  mature  sehizont  divides  into  many  small  forms  called 
merozoites,  and  these,  when  freed  by  tlie  rupture  of  the  degenerated 
erythrocyte,  escape  into  the  blood  plasma,  and  if  not  phagocyted, 
penetrate  other  erythrocytes  and  repeat  the  asexual  or  schizogenous 
cycle.  The  pigment  and  undivided  portion  (restkorper)  of  the  cyto- 
plasm of  the  mother  cell  accumulate  in  the  bone  marrow,  spleen  and 
other  viscera. 

After  a  number  of  cycles  of  asexual  multiplication  have  been  lived 
through,  a  new  development  takes  place  and  sexual  forms  b^in  to 
appear  in  the  circulation.  These  grow  to  large  size,  yet  show  no  indi- 
cation of  division  into  merozoites  and  were  at  one  time  considered 
degeneration  forms.    Two  varieties  may  be  distinguished,  one  with  a 

'  For  clanrificstion,  sec  page  722. 
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dark  stwning  ctytoplasm  and  flne  granular  tDelanin,  and  the  other  with 
light  staining,  hyaline  cytoplasm  nnd  coarse  pigment;  the  former, 
loaded  with  reserve  food  material,  is  the  female  or  macrogametocyte ; 
the  latter,  the  male  or  microgametocyte.  The  gametes  do  not  develop 
further  until  taken  into  the  digestive  tract  of  the  insect  host.  For 
purposes  of  study,  however,  the  mierogametocytes  may  be  made  to  ex- 
ftagellate  on  the  slide,  dampened  a  little  by  breathing  upon  it,  to 
stimulate  the  condition  in  the  insect  host.  In  such  a  preparation,  the 
flagella,  or  mierogametes,  may- be  seen  actively  moving  inside  the  cell 
body,  whose  wall  they  ultimately  rupture,  and  all,  four  to  eight,  escape 
and  whip  about  until  they  come  in  contact  with  a  macrogametocyte, 
when  one  microgamete  enters  through  the  micropyle  and  finally  fuses 
with  the  female  nucleus. 

Hemoproteiu  colvmbse  (Halteridium). — This  parasite  of  the  red 
blood  cells  of  doves  was  dwscribed  in  lfi91  by  Celli  and  Sanfelice. 
It  is  widely  distributed  in  nature  and  has  been  reported  from  Europe, 
Asia  and  Nortli  and  South  America.  The  organism  is  found  within 
the  cyptoplasm  of  the  erythrocyte ;  the  nucleus,  which  is  not  regularly 
displaced,  is  surrounded  by  the  growing  parasite  like  a  halter,  and 
for  this  reason  it  was  named  halteridium  by  Labbe.  It  is  sluggishly 
ameboid  and  produces  an  abundance  of  melanin,  and  when  the  blood 
is  drawn  the  ripe  male  sporonts,  the  mierogametocytes,  rupture  easily, 
liberating  the  active  flagella,  or  mierogametes.  Under  favorable  cir- 
cumstances the  fertilization  of  the  macrogametocyte  by  the  micro- 
gametes  may  be  observed  on  the  slide,  and  it  was  while  working  with 
this  parasite  that  Macallum  first  followed  out  the  whole  process  of 
fertilization  in  the  hemosporidia  and  gave  the  proper  explanation  of 
the  flagellate  stage  seen  in  the  malarial  parasite. 

In  the  blood  of  the  dove  this  parasite  is  usually  seen  as  a  large  or 
small  crescent,  partly  encircling  the  nucleus;  the  gametes  are  readily 
recognized  by  the  usual  marks,  that  is,  the  female,  or  macrogametocyte, 
is  rich  in  reserve  material  and  the  stained  specimen  takes  a  deep  color ; 
the  male,  or  microgametocyte,  being  poor  in  reserve  material  stored 
in  the  cyptoplasm,  appears  relatively  pale  in  stained  specimens. 

The  invertebrate  host  of  the  parasite  is  Lynchia  mavra  (Bigot), 
or  Lynchia  lividocolor,  a  biting  hippoboscid  fly  of  louse-like  habits 
which  lives  in  the  nest  and  in  the  plumage.  The  cycle  in  the  fly  has 
been  successfully  worked  out  by  Adie,'  who  has  demonstrated  the 

■  Adie,  Hden,  Indian  Jonr.  Med.  Hesearch,  Calcutta,  1915. 
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ookinetes,  zygotes,  and  oocysts  in  the  lower  portion  of  the  midgut.  As 
the  oocyst  grows,  it  stands  out  from  the  gut  wall  and  finally  shows  the 
striations  indicative  of  the  presence  of  sporozoites;  after  rupture  of 


FiQ.  180.— H^MOpROTEus  coLDMB.«.  la  to  3a,  Development  of  female  parasite  in 
blood  of  dov<;;  Ih  to  .3b,  Development  of  male  parasite  in  blood  of  dove;  4o,  4b, 
5b,  6  to  12,  Development  in  the  digestive  tube  of  the  fly  (Lynehia);  13  to  20. 
DeveLoptncnt  of  the  paraaitc  inside  leucocytes  in  the  lung  of  the  dove.  (.Wtef 
Avagao,  MacNeal,  "Pathogenic  Microfit^anisms,"  published  by  P.  BUkistoo'i 
Sons  &  Co.) 
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the  mature  cyst,  these  collect  in  large  numbers  in  the  salivary  glands 
and  ducts. 

The  life  history  of  the  parasite  is  seen  to  be  like  that  of  proteosoma 
and  malaria,  except  that  the  asexual  or  schizogeuous  cycle  appears  to 
be  lacking. 

Proteosoma  (Plasmodium)  precox. — This  parasite  is  a  typical  rep- 
resentative of  the  sporozoa,  and  is  interesting  historically,  since  it  was 
the  .one  with  which  Rosa  worked  in  1898,  when  he  first  demonstrated 
the  part  played  by  the 
mosquito  in  "bird  ma- 
laria. ' ' 

Qrassi  and  Feletti  de- 
scribed the  parasite  in 
1890  under  the  name  of 
hemamcba  precox.  It  is 
v-idely  distributed  RCO-  j.^^  181.-Pr(^o8oma  precox  m  Blood  or 
graphically,    and     is    com-  Field  Lark.    A,  Young  pftraait«  in  blood  cell; 

mon  in  the  blood  of  small  B,Half-grownparasit«  which  has  puBhed  aside 

birds  sparrows,  robins  and         nucleus  o(  blood  ceU;  C,  Paraaite  with  clump 
larks!      It    can   be    propa-         of  pigment  <.nd  many  nuclei;  D.DiviJoi.  into 
,  many  meroK)it«B.     (After  Dotiem  and  Wasie- 

gated  in  the  laboratory  m  j^^,^^j  MricNcal,  "Pathogenic  Microdrgan- 
the  blood  of  canaries  with-  ^g,^^-  published  by  P.  Blakiston's  Sons  &  Co.) 
out  great  diEReulty;  spar- 
rows, however,  do  not  long  survive  in  captivity  unless  kept  in  round 
glass  jars,  where  they  cannot  injure  themselves  by  dashing  against 
the  walls.  The  blood  for  examination  is  obtained  from  the  cephalic 
wing  vein,  close  to  the  body,  which  is  nicked  with  a  razor,  and  the 
blood  taken  up  in  a  capillary  glass  tube  containing  a  little  citrate 
solution.  To  inoculate  a  new  bird,  it  is  sufficient  to  inject  a  small 
quantity  of  citrated  blood  from  an  infected  canary  into  the  breast 
muscles  of  the  new  bird,  transferring  to  a  new  host  at  intervals  of 
a  month  or  less.  Because  it  is  not  difficult  to  keep  on  hand,  this  organ- 
ism may  be  used  for  class  study  in  localities  where  malarial  cases  are 
infrequent.  There  is  no  apparent  reason  for  plUeing  it  in  a  different 
genus  from  the  malarial  parasites. 

The  entire  asexual  cycle,  schizogony,  may  be  studied  in  the  peripli- 
eral  circulation,  aa  in  quartan  malarial  fever. 

In  nature  it  is  transmitted  by  both  eulex  and  stegomyia  (Aedes 
caiopus),  and  its  development  is  briefly  as  follows:  The  bird  is  inocu- 
lated hy  the  mosquito  with  spindle-shaped  young  forms  known  as 
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Eporozoites.  These  possess  the  power  of  ameboid  motion,  and  rapidly 
penetrate  into  an  erythrocyte,  in  whieh  they  grow  quickly;  they  con- 
stantly move  about  inBide  the  cell  nntil  nearly  full  grown,  and  are 
during  this  stage  called  trophozoites.  The  substance  of  the  erythrocyte 
is  rapidly  consumed  by  the  parasite  and  a  dark  pigment,  melanin  or 


Ro.  182. — MmooT  o?  Ctilbx  Mosguiro,  Covbrbd  with  Oocybth  of  Pbotbosoma 
PRECOX.  V,  Vaaa  malpighii.  (After  DoRein  and  Roes.  MucNeal,  "Patbogenie 
MicroorgsniBinfl,"  published  by  P.  BUIuuUid'b  Sons  &  Co.) 

hemozoin,  is  formed  from  the  destroyed  Jiemaglobin.  The  mature 
parasite  divides  into  many  small  forms  called  merozoites,  and  these, 
when  freed  by  the  rupture  of  tlie  degenerated  erythrocyte,  escape  into 
the  blood  plasma,  and  if  not  phagocyted,  penetrate  other  erythrocytes 
and  repeat  the  asexual  or  achizogenous  cycle.  The  pigment  and  undi- 
vided portion  (regtkorper)  of  the  cytoplasm  of  the  mother  cell 
accumulate  in  the  bone  marrow,  spleen  and  other  viscera. 

HAIAKIA 

This  is  one  of  the  most  common  and  widespread  of  preventable 
human  diseases,  and  in  some  localities  is  the  cause  of  a  greater  mor- 
tality and  morbidity  than  tuberculosis.  It  is  caused  by  one  or  more 
of  the  three  forms  of  the  malarial  plaamodium.  As  a  rule  the  infec- 
tions are  simple,  yet  in  the  tropics  it  is  not  uncommon  to  find  two 
species  of  plaamodia  in  the  same  patient,  and  this  condition  is  called 
a  mixed  infection. 

Historj/. — The  disease  under  varions  names,  aa  chills  and  fever, 
Roman  fever,  Chagres  fever,  has  been  known  since  the  greatest  an- 
tiquity. The  cause  was  not  discovered  until  1880,  when  Laveran,  a 
French  military  sui^eon  stationed  in  Algeria,  first  saw  the  organism 
and  described  it  as  the  cause  of  malaria.  He  saw  and  described  not 
only  the  pigmented  trophozoite,' but  also  the  erescentie  gametes  and 
fiagellating  mieropametoeytes,  and,  because  of  the  activity  of  the 
flageUa,  called  the  parasite  Oscillaria  malaria,  a  ii8ni«  aft^^wards 
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given  up.  Later,  1q  1885,  Celli  and  Alarchifava  described  the  parasite 
with  greater  accuracy  and  named  it  Plasmodium  malaricB,  a  poor 
name,  since  it  describes  merely  a  condition  assumed  by  some  fungi 
and  mycetozoa,  yet,  according  to  the  rules  of  zoological  nomeaclature, 
it  must  stand.  In  the  same  year,  Qolgi  described  the  quartan  parasite 
and  in  the  following  year  demonstrated  the  relation  of  the  various 
stages  of  the  life  cycle  of  the  tertiaa  parasite  to  the  temperature  curve. 

Even  in  antiquity  many  had  noted  the  curious  distribution  of 
malaria,  and  its  intimate  relation  to  swamps  and  marshy  places. 
Manson,  who  had  already  shown  the  role  played  by  an  infected  mos- 
quito in  transmitting  filarial  disease,  in  1894,  suggested  that  the  epi- 
demiology of  the  disease  could  best  be  explained  on  the  hypothesis 
that  it  was  conveyed  by  the  bite  of  some  btood-suekiug  insect,  probably 
the  mosquito. 

For  years  the  interpretation  of  the  flagella  was  a  subject  of  con- 
troversy. They  were  regarded  as  dngeneration  products  by  some  and 
as  living  elements  by  others.  In  1897,  MacCallum,  working  with 
halteridium,  was  able  to  show  that  they  were,  in  fact,  spermatozoa,  as 
he  saw  them  penetrate  and  fertilize  the  macrogametes,  or  large 
spherical  forms  without  flagella. 

In  1897,  Ross,  of  the  British  Indian  Medical  Service,  described  the 
beginning  of  the  sporogenous  cycle  in  what  he  called  a  dapple-winged 
mosquito,  which  we  now  recognize  as  an  anopheline.  Following  out 
farther  Manson 's  hypothesis,  he  was  able  the  same  year  after  long  and 
laborious  research  to  clear  up  the  method  of  transmission  of  bird 
malaria,  proteosoma,  an  analogous  disease.  Qrassi  and  Bignami  and 
Bastianelli,  in  1898,  succeeded  in  demonstrating  the  complete  life  cycle 
of  the  human  form  of  malaria  in  the  anopheles  mosquito. 

Oeograpkical  Distribution, — The  disease  is  found  in  a  belt  round 
the  world  extending  from  40  degrees  S.  latitude  to  60  degrees  N. ;  it  is, 
however,  not  equally  distributed  throughout  this  zone,  and  even  in  the 
tropics  there  are  many  malaria-free  areas,  principully  in  the  regions 
of  higher  altitudes,  since  the  special  home  of  malaria  is  in  the  low- 
lying,  swampy  and  torrid  coastal  districts  and  river  basins.  Islands 
at  a  distance  from  the  main  land  may  be  entirely  free.  Malaria 
reaches  its  maximum  intensity  in  the  tropica,  where  the  anopheline 
mosqnitoes  breed  continuously  throughout  the  year,  and  new  infec- 
tions may  occur  at  any  time;  while  in  the  sub-tropics  and  temperate 
regions  it  is  a  seasonal  disease,  appearing  soon  after  the  onset  of  hot 
weather  with  its  new  crop  of  anopheliiies  and  i-ontinuim;  until  the 
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first  cold  weather.  Relapses  continue  to  occur  throughout  the  winter 
season.  Modern  times  have  seen  it  disappear  from  many  regions 
where  it  was  formerly  endemic,  because  of  increased  cultivation  of  the 
soil  and  better  surface  drainage,  as,  for  example,  in  England  and  the, 
Ohio  river  valley. 

In  the  registration  area  of  the  United  States  there  were  1,565 
deaths  from  malaria  in  1913;  in  Italy,  up  to  1900,  the  average  number 
of  deaths  from  this  cause  annually  was  16,000.    One  cannot  obtain  a 


Fia.     ia;i  ~  Plahmodium     vivax.      Fig.  184.— Pf.asmodiom  vivax.      (Gamete.) 
(Army   Med.  School  CollectioD,  (Army  Med.  School  Collection,  Washing- 

Washington,  D.  C.)  ton,  D.C.) 

true  |)ictiire  of  the  importance  of  the  disease,  however,  from  mortality 
statistics,  since  it  is  not  often  fatal,  and  the  morbidity  is  out  of  pro- 
portion to  tlie  mortality.  In  many  villages,  where  it  is  endemic,  one- 
third  to  one-half  the  population  may  have  parasites  in  the  blood,  most 
of  them  without  clinical  symptoms,  yet  tliey  are  not  able  to  work  and 
the  children  remain  undeveloped  and  backward.  Much  of  the  illness 
attributed  to  hookworm  infection  is,  in  reality,  due  to  latent  malaria 
The  parasites  belong  to  the  class  of  hemosporidia,  and  are  closely 
related  to  the  coccidia,  which  are  parasites  of  epithelial  cells,  while 
the  Plasmodia  are  parasitic  on  rcd-blood  cells.  There  are  two  divisions 
of  the  life  cycle;  that  which  occurs  in  man,  the  endogenous,  asexual 
or  schizogpnons,  and  that  which  occurs  in  the  mosquito,  the  exo^nous, 
sexual  or  sporogenous;  for  this  reason  the  mosquito  is  the  definitive 
and  the  man  the  intermediate  host. 
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There  are  three  well-reeo^ized  forma  of  the  plasmodia,  (1)  Plas- 
modium vivax  (Cjrassi  and  Fiietti),  eausiog  tertian  fever  (also  called 
"benign  tertian");  (2)  Plasmodium  malaria  (Laveran),  causing 
quartan  fever;  (3)  Plasmodium  falciparum  (iminaculatum)  (Welch), 
causing  the  tropical  form  of  malaria,  the  so-ealled  tcstivo-autumoal 
or  subtertian.  Since  in  general  the  life  history  of  the  three  forms 
is  alike  they  will  be  considered  together  as  far  as  possible.     As  the 


Fio,  185.— Plabmodiumvivax,  anAtypicai,      Fio.      186.  —  Plasmodium     vivax. 
Macrooametocvtb.      Form  interpret«il  (Army    Med.    School    Collection, 

by  Schaudinn  aa  underKoinu  partheiio-  Washington,  D.  C) 

geneaia.     (Army  Med.  School  (^llectioD, 
Washington,  D.  C.) 

details  of  ilcveliipineDt  cannot  be  made  out  easily  in  fresh  specimens, 
the  following  decription  applies  to  those  stained  with  some  form  of 
the  Romanowski  stain. 

Flamodiiim  vivaz. — The  parasite  of  tertian  fever  has  a  life  cycle 
lasting  forty-eight  hours  and  is  easily  recognized  only  when  full 
grown,  that  is,  twenty-four  to  forty-eight  hours  after  the  chill.  While 
a  diagnosis  may  be  made  on  younger  forms,  it  is  not  so  readily  made. 
As  its  name  implies,  the  Plasmodium  vivax  is  actively  ameboid, 
and  psendopoda  and  irregulaj-  outlines  characterize  the  well-grown 
parasite;  the  infected  erythrocyte  is  swollen,  often  to  twice  ita  normal 
size,  the  hemoglobin  is  pale  and,  especially  in  spreads  in  which  Man- 
son's  stain  has  been  used,  it  is  so  much  paler  than  in  the  surrounding 
cells  that  the  infected  cell  stands  out  dearly.    The  part  of  the  cell  un- 
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occupied  by  the  parasite  is  stippled,  that  is,  dotted  with  reddish  gran- 
ules called  SchuffDcr's  dots,  and,  as  the  swollen  red  cell  and  Schuff- 
ner's  dots  are  found  in  no  other  form  of  malaria,  their  presence  is 
pathognomonic  of  tertian. 

The  younfiest  form,  the  free  merozoite,  is  rarely  seen,  bnt  yonng 
comet-like  forms  composed  of  a  particle  of  red  chromatin  and  a  little 
blue  cytoplasm  may  readily  be  detected  at  the  height  of  the  fever; 
that  is,  a  few  hours  after  the  chill  and  sporulation.  The  round,  young 
schizont  as  it  grows  develops  early  a  central  vacuole  and  assumes 
the  shape  of  a  signet  ring,  the  red  chromatin  dot  being  the  stone.    This 
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Fig.  187. — Plasmodiom  vivax.    (Army  Med.  School  Collection,  Washington,  D.C.) 

small  tt'rtiau  ring  grows  rapidly  as  the  fever  subsides,  and  at  the 
same  time  the  infectid  cell  increases  in  size.  Twenty-foiir  honrs  after 
the  chill  the  ring  has  gniwn  so  much  that  it  is  referred  to  as  the  large 
tertian  ring,  and  its  tendency  to  irregularities  of  shape  and  ameboid 
form  becomes  apparent,  and  fine  granules  of  pigment,  called  melanin 
or  hemoKoin,  begin  to  be  visible.  After  thirty -six  hours  the  rings  will 
all  hiive  grown  into  large  ameboid  forms.  After  about  forty  hours  the 
parasite  occupies  almost  the  entire  cell  and  the  pigment  begins  to  col- 
Ici't  ill  nifissL'S  toward  the  center.  Soon  after  the  first  signs  of  seg- 
nii'iitalinn  appear,  which  becomes  more  and  more  distinct  until  fifteen 
to  twenty  separate  segments  or  merozoltes  are  seen,  each  composed 
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of  nucleus  and  cyptoplasm.  The  pigment  of  the  adult  parasite  and 
the  unused  portion  of  the  cytoplasm  are  cast  off  after  segmentation 
as  a  restkorper,  which  is  promptly  phagoeyted  and  such  masses  ac- 
CDtnnlate  in  the  spleen,  bone  marrow  and  viscera.  With  rupture  of 
the  erythrocyte,  at  the  time  of  the  chill,  the  merozoitea  are  set  free, 
and  if  not  phagoeyted,  immediately  attack  new  erythrocytes  and  the 
asexual  or  schizogenous  Cycle  is  repeated,  until  treatment  or  increas- 
ing immunity  halts  or  alters  the  cycle. 


Fia.  188. — Plasmodium  vivax.    (Army  Med.  School  Collection,  WaahingtoD,  D.  C.) 

In  practice  it  is  not  unasal  to  find  parasites  of  different  iiges  in 
the  same  film,  as  some  individuals  seem  to  devehip  in  adwmce  of 
others;  in  this  case,  however,  there  will  not  be  much  difference  in 
their  appearance.  When  extreme  difference  of  age  is  noted  in  films  it 
is  probable  that  there  have  been  several  different  inoculations,  pro- 
ducing double  or  triple  infections  with  quotidian  or  irregular  fever 
curves,  and  such  cases  are  not  uncommon. 

As  all  the  forms  so  far  described  belong  to  the  sehizogenona  cycle, 
they  may  be  called  schiyonts,  or  trophozoites  of  the  si^hizogenous 
cycle.  The  sporogenoua  cycle  begins  in  man  and  is  completed  in  the 
mosquito.  The  earliest  sexual  forms  noted  were  the  so-called  "spheres," 
Jarge  adult  parauites,  first  seen  in  wet  preparations,  which  did  not  s^- 
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ment  with  tlie  scliiz(ints.  They  are  now  called  gametes  and  after  the 
disease  hfis  lasted  some  time  are  found  in  films  made  at  all  stages  of 
the  fever;  that  is,  they  are  iacapabie  of  further  development  un- 
til taken  into  the  atomaeh  of  the  mosquito.  The  possibility  of 
parthenogenesis  will  be  referred  to  later.  In  appearance  they  are 
round  or  oval,  and  in  this  fever  may  be  twice  the  size  of  the 
red  cell.  As  a  rule  a  narrow  margin  of  red  cell  is  visible  after  Ro- 
manowski  stains,  although  the  gamete  may  lie  free  in  the  plasma. 
Unlike  tile  schizonts,  the  gametes  have  the  pigment  uniformly  dis- 
tributed throughout  the  body  and  there  is  no  indication  of  segmen- 
tation. The  young  sporonts  are  distinguished  from  scbizonts  by  the 
absence  of  the  vacuole,  and,  when  a  little  older,  by  a  lai^r  amount 
of  hemozoin. 

Plasmodium  malarite. — 'llie  quartan  parasite  has  a  life  cycle  of 
seventy-two  hours,  or  twenty-four  hours  longer  than  the  tertian,  and 


Fig.  189.— Plabmodivm  malaria.  (Army     Fia.  190— Plasmodium  malaria.  (Amy 
Med.  School  CtiUoction,  Washington,  Med.  School  Collection,  WashingtoD, 

D.  C.)  D.  C.) 

the  paroxysms  oomc  on  every  third  day,  or,  according  to  tho  Italian 
method  of  rockoniiig  time,  (m  the  fourth  day.  The  young  rings  of  the 
Plasmodium  nmlaiitF.  are  indistinguishable  from  young  tertian  rinfrs, 
hut  the  diiifinosis  may  be  made  on  older  forma.  The  bleaching,  enlni^- 
ment  and  stippling  of  the  erythnicyte  characteristic  of  tertian  is  never 
found  in  quartan  fever,  the  infeeted  erythrocyte  being  almost  normal 
in  appearance.  The  well-grown  quartan  parasite  does  not  show 
amebnic  changes  but  assumes  a  band  form,  more  or  less  wide,  streteh- 
ing  across  the  red  cell  from  border  to  border;  with  increasing  age  the 
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band  widens  until  the  parasite  is  nearly  square  and  the  hemozoin  ac- 
cumulates toward  the  center,  Se(;iiieiitatioo  gives  rise  to  almost  sym- 
metrical "daisy"  forms,  showing  six  to  eight  or,  rarely,  fourteen  mero- 
zoites.  Parasites  of  different  ages  may  be  found,  as  in  tertian,  and 
it  is  characteristic  of  quartan  fever  that  examples  of  ail  stages  of 
the  life  cycle  may  be  found  at  the  proper  time  in  the  peripheral  cir- 
culation. Gametes  differ  from  tertian  mainly  in  size,  since  they  are 
never  larger  than  the  normal  erythrocyte  until  after  the  latter  haa 
ruptured,  but  when  free  in  the  plasma  it  is  practically  impossible  to 
distinguish  them  from  tertians. 
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FlO.        191-  Pl^SMODIVM        ) 

(Army  Med.  School  Colleclio 
ington,  D.  C.) 


Fiu.   192.  —  Plasmodium 
(X  150«,)    (Army  Med.  School  Col- 
lection, Waahingt<m,  D.  C.) 


Plasmodium  falciparum. — The  para.site  of  a^tivti-antumnai  fever, 
I'lasmoiliiiin  falv'iiianim,  differs  consideriihly  troin  the  two  forms  al- 
ready described;  the  life  cycle  varies  between  twenty-four  and  forty- 
ei^ht  hours,  and,  at  least  in  new  infeetions,  only  ring  forms  are 
found  in  the  peripheral  blood,  although  at  a  later  stage  creseentic 
gametes  may  be  present.  The  youngest  sestivo-autumnal  rings,  found 
at  the  height  of  the  fever,  are  more  delicate  than  the  young  tertians. 
As  the  temperature  falls  the  rings  increase  in  size,  but  without 
change  of  form ;  the  growth  is  not  uniform,  but  occurs  as  a  thick  cres- 
eentic swelling  on  the  convex  surface  of  the  ring,  and  occasionally 
more  than  one  such  swelling  is  present.  The  large  afltivo-autumnal 
ring,  found  after  the  fehrile  paroxysm  has  passed,  occupies  one-third 
to  one-half  the  red  cell,  which  is  never  swollen  nor  stippled,  as  in  ter- 
tian, and  the  parasite  is  never  band-like,  as  in  (juartan.    Segmenting 
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imrasites  are  almost  never  seen  in  the  peripheral  blood  in  ffiativo- 
uiituninal  fever,  though  in  tertian  they  are  common  and  ia  quartan 
numerous.  If,  however,  films  are  prepared  at  autopsy  from  the 
spleen,  liver,  bone  marrow  and  brain,  enormous  numbers  of  segment- 
ing forms,  together  with  ail  other  stages  of  the  parasite,  may  be  found. 
The  full  grown  segmenter  occupies  one-thii^  to  one-half  the  cell  and 
shows  a  collection  of  hemozoin  in  large  blocks  in  the  center.  The 
merozoites  vary  in  number  from  eight  to  twenty-five.  In  addition 
to  the  small  and  large  rings  the  peripheral  blood  shows,  after  the  fever 
has  lasted  sufficiently  long,  the  sexual  forms  or  gametes.  Tbe  infected 
erythrocyte  is  never  sti|)|)led  nor  swollen,  but,  on  the  contrary,  may 
appear  shrunken.  Both  the  micro-  and  macrogametoeytes  in  Kstivo- 
autumnal  fever  are  crescentic  iii  shape,  their  length  being  about  one 

and  one-half  and  the  width  about 

oue-half  that  of  an  erythrocjle ; 
the  pigment  is  collected  toward  the 
center,  which  is  rather  paler  in 
stained  specimens  than  the  poles. 
At  first  sight  the  gametes  appear 
to  lie  free  in  the  plasma,  yet  in 
stained  specimens  a  rim  or  rib  of 
the  pale  red  cell  may  be  seen  on 
the  concave  side.  When  liberated 
from  the  erythrocyte  the  gamete 
becomes  first   spiiidle-shafted  and 

_       ,„„     „  finally  oval  or  round.     The  male 

Fig.    193. — Plasmodifm  falciparcm.  .       ,  ,    ,         ,        j 

(X1500.)    (Army  M«t.  School  Col-      "'■osccnt  is  short    and   broad,  and 
lection,  WashingtoD,  D.  C.)  the    female    relatively    long    and 

slender. 
The  Finer  Stnicfiire  of  the  PlasmoiUn. — The  finer  details,  which 
are  only  hinted  iit  in  frcHli  specimens  and  in  those  stained  with  Man- 
son's  stain,  can  be  stniiied  to  advantage  in  those  stained  with  some 
one  of  the  many  modifications  of  the  Romanowski  stain,  such  as  that 
of  Wright,  Hastings,  MacXeal  or  Giemsa. 

The  tertian  parjisite,  which  lies  in  a  red  cell,  may  be  seen  to  be 
divided  into  a  blue  cytoplasm  and  a  brilliant  red  nucleus,  and  it 
would  be  well  for  the  novice  to  remember  that  these  three  conditions 
must  be  satisfied  before  the  diagnosis  of  malaria  can  be  made;  the 
principal  stninliling-block  is  the  h!o.>d  platelet,  often  found  overlying 
a  red  cell,  but  it,  although  possessing  a  ragged  blue  cjiioplasm,  has  al- 
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•waya  a  relatively  large  purple  Dueleus.  The  chromatin  of  the  young 
rings  is  usually  present  as  a  single  dot,  but  two  such  dots  are  frequently 
Been,  In  older  forms  of  the  tertian  and  quartan  parasites  the  various 
changes  found  in  mitosis  may  be  followed  in  the  nucleus.  The  whole 
Bchizogenous  cycle  may  be  followed  by  taking  blood  smears  from  a 
single  ease  of  malaria  at  intervals  of  three  or  four  houre  for  forty- 
eight  hours  for  tertian  and  testivo-autumnal,  and  for  seventy-two 
hours  for  quartan. 


Fio.  IM. — ^pLABuODinii  FALCiFARUu,  Male  Crescent.    <Anny  Med.  School  Col- 
lection, WaBhington,  D.  C.) 

Two  forms  of  sporonts  or  gametes  may  be  seen ;  in  one  the  quantity 
of  chromatin  is  large  and  the  cytoplasm  pale  blue,  while  in  the  other 
the  reverse  is  found,  the  nuclear  chromatin  is  comparatively  small  in 
quantity  and  the  cytoplasm,  beinp  rich  in  nutrient  material,  stains 
deeply.  The  first  form,  with  abundant  chromatin,  is  the  male,  or 
microgametocyte,  and  the  latter  the  female,  or  macroganietocyte.  The 
differentiation  between  schizont  and  sporont  may  be  made  while  the 
parasites  are  still  quite  young;  since  the  sehizont  is  characterized  by 
the  presence  of  a  nutrient  vacuole,  and  the  sporont,  of  equal  age,  while 
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lacking  the  vacuole,  shows  a  greater  amount  of  hemozoin,  which  is 
never  concentrated  in  the  center  of  the  parasite  but  is  scattered 
equally  throughout  the  body.  The  cytoplasm  of  the  sporont  ia  less 
fluid  than  that  of  the  schizont  and  shows  no  tendency  to  ameboid 
motion.  The  chromatin  is  relatively  lar^e  in  amount  and,  althou^ 
broken  up  more  or  less  into  granufes  and  threads,  shows  no  real  ten- 
dency to  segment  or  disperse,  but  remains  a  compaet  mass. 

The  quartan  parasite,  wh(?n  stained  with  Wright's  or  a  aimilar 
preparation,  shows  ((uite  regular  and  Kymmetrical  segmentation,  usn- 
ally  into  eight  mcrozoites.  The  distinction  between  schizont  and 
sporont  and  between  male  and  female  gametes  may  be  made  on  the 
same  grounds  as  in  tertian. 

In  testivo-autumnat  fever  the  chromatin  dot  in  the  young  ring  is 
often  doubled,  or  even  trebled,  and  in  general  is  large  and  stflios 
brilliantly.  The  adult  and  half-grown  gametes  may  be  differentiated 
into  male  and  female  by  the  criteria  already  given. 

The  Examination  of  Fresh  Blood. — Directions  have  already  been 
given  (Chap.  LIX)  for  making  wet  preparations  and  if,  by  ringing 
the  cover-glass  with  vaseline,  drying  be  prevented,  the  preparations 
will  keep  and  may  be  studied  for  hours.  In  tertian  fever  tlie  young 
ring  forms  are  at  first  difficult  to  detect,  unless  the  amount  of  light 
going  through  the  microscope  be  cut  down  to  the  minimum.  As  the 
parasite  grows  older,  an  increasing  number  of  hemozoin  granules  ap- 
pear, and  since  they  are  in  constant  motion  the  parasite  is  readily  de- 
tected. Its  cytoplasm  is  delicate,  and  with  very  young  parasites  is 
difficult  to  distinguish  from  the  red  cell  itself ;  older  parasites,  however, 
develop  pseudopods,  which  are  constantly  projected  and  retracted,  and 
the  entire  organism  shows  active  movements,  rendering  it  easy  to  see. 
The  pigment  continues  to  increase,  and  in  the  gametes  is  abundant 
and  in  constant  motion;  the  gametes,  however,  fail  to  show  any  ame- 
boid changes,  and  the  protoplasm  is  stiff  and  rigid  with  a  regular,  un- 
broken margin.  At  times  a  clear  rcfractile  spot  is  seen,  which  is  the 
nucleus.  The  infected  erythrocyte  is  pale  and  swollen.  Even  in  un- 
stained preparations  the  sexes  may  be  distinguished ;  the  microgameto- 
eyte  is  about  the  size  of  a  rod  cell,  the  cytoplasm  is  hyaline,  and  after 
the  preparation  has  been  made  ten  to  twenty  minutes  the  flagella.  or 
microgametes,  may  be  seen  thrashing  about  in  the  parasite.  After 
repeated  attempts  four  to  eight  microgametes  rupture  the  cell  and 
emerge.  The  niacrogamete  is  larger  than  a  red  cell  and  is  finely 
granular  and  no  exfla^elation  of  microgametes  occurs. 
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In  quartan  malaria  the  differences  already  described  in  stained 
blood  may  be  easily  followed. 

In  jpfitivo-antumnat  fever  the  diagnosis  with  fresh  blood  is  miiefa 
more  difficult  in  new  infections  because  of  the  relative  scarcity  of  the 
parasites  in  the  peripheral  blood  and  the  exeeedingly  small  size  of  the 
young  rings,  the  absence  of  hemozoin  in  them,  and  the  very  slight 
ameboid  motion.  The  older  rings  are  larger,  contain  some  pigment 
and  are  more  easily  seen.  The  infected  erythrocyte  is  never  pale  nor 
swollen,  but,  on  the  contrary,  may  be  shrunken  aod  brassy  in  color. 
The  crescentie  gametes  are  readily  detected,  and  the  sexes  may  be 
differentiated  by  their  shape  and  the  hyaline  or  granular  character 
of  the  cytoplasm. 

Incubation  Period  of  the  Malarial  Fevers. — Two  methods  have 
been  used  to  determine  this  point— the  injection  of  infected  malarial 
blood,  and  biting  experiments  with  infected  anophelines.  By  the  first 
method  the  incubation  period  was  eighteen  days  (the  longest)  for 
quartan,  three  days  (the  shortest)  for  Kstivo-autumnal,  and  ten  days 
for  tertian.  By  the  second  method  wstivo-autumnal  was  nine  to 
twelve  days,  and  tertian  fourteen  to  nineteen  days.  Since  lestiyo- 
autumoal  is  the  only  parasite  which  can  complete  its  cycle  in  twenty- 
four  hours,  the  short  incubation  period  is  easily  understood ;  on  the 
other  hand,  the  long  life  cycle  of  quartan,  seventy-two  hours,  explains 
its  slower  development. 

Clinical  descriptions  of  the  malarial  fevers  may  be  found  in  the 
standard  text-books  on  medicine,  and  it  is  only  necessary  here  to  refer 
briefly  to  the  various  forms  found  in  practice.  The  classical  malarial 
fever  consists  of  a  aeries  of  paroxysms,  following  one  another  with  a 
deflaite  periodicy,  daily,  every  (fther  day,  or  every  third  day.  Each 
paroxysm  is  ushered  in  by  a  pronounced  chill,  which  is  sometimes  pre- 
ceded by  malaise,  headache  and  lassitude.  The  chill  lasts  from  ten 
minutes  to  an  hour  or  more,  and  the  patient  wraps  himself  up  in 
heavy  blankets.  During  the  chill  the  temperature  begins  to  rise  and 
within  a  few  hours  reaches  its  high  point,  103°  to  106°,  and  then 
falls  slowly  to  normal  during  the  next  few  hours.  The  decline  of  the 
fever  is  accompanied  by  a  profuse  perspiration.  Successive  parox- 
ysms may  oeeur  at  exactly  the  same  hour  of  the  day,  or  may  antici- 
pate, febris  anteponens,  or  be  delayed  an  hour  or  more,  febris  poat- 
ponens.  The  sequence  of  events,  therefore,  in  a  typical  malarial 
paroxysm  is  malaise,  chill,  fever  and  sweat,  followed  by  a  period  of 
apparent  well-being. 
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1.  Tertian  malaria  is  distinguished  by  a  chill  and  fever  occurring 
every  other  day,  the  patient  feeling  quite  well  on  fever-free  days.  A 
double  tertian  iufection  occurs  not  infrequently,  giving  a  daily,  or 
qaotidian,  chill  and  fever  with  no  free  day. 

2.  Quartan  fever,  which  is  relatively  rare,  gives  a  chill  and  fever 
every  third  day,  with  two  fever-free  days.  In  this  disease  also  there 
may  be  double  or  even  triple  infections,  giving  a  quotidian  or  irreg- 
ular type  of  fever. 

3.  ^stivo-autumnal  fever  (subtertian,  or  mallfi^ant  tertian)  shows 
an  irregular  temperature  cnrve,  the  cycle  varying  from  twenty-four 
to  forty-citrht  hours.  IJy  some  authors  the  disease  is  divided  into 
two  forms,  quotidian  and  tertian;  and  »s  multiple  infections  are  com- 
ition  the  resulting  fever  curve  may  be  irregular  or  continuous  and  the 
chill  entirely  absent.  In  contrast  to  the  regular  interniittency  of  ter- 
tian and  quartan  this  form  is  often  remittent,  the  temperature  curve 
never  dropping  to  normal. 

4.  Mixed  infections  with  any  two  of  the  above  fevers  are  often 
found  in  bad  malarial  regions  in  the  tnipics. 

5.  Latent  malaria  is  also  not  infrc(|uent,  in  which  the  patient,  hav- 
ing no  symptoms  of  the  disease,  consults  a  physician  for  some  other 
rejison, 

6.  The  carrier  state  is  found  among  natives  or  persons  long  resi- 
dent in  malarial  regions,  and,  aside  from  the  presence  of  a  lai^e  spleen 
and  some  secondary  anemia,  may  present  no  symptoms.  It  is  particu- 
larly common  among  native  children,  tramps  and  vagabonds.  It  is  not 
uncommon  to  find  fifty  to  one  hundred  per  cent  of  the  children  in  a 
native  village  harboring  the  parasite. 

THE  DEVELOPMENT  OF  THE  HUMAN  If  ATiABTATi  PABASITE 
IN  THE  MOSQUITO 

(.S'cj-wn/  hnlf  of  the  life  cycle,  Sporogonie) 
For  this  stage  to  be  successful  the  mosquito  must  bite  s  malarial 
patient  with  gametes  in  his  blood,  for  if  the  patient  be  one  in  the  first 
stage  of  the  disease,  with  only  sehizonts  in  his  blood,  no  infection  of 
the  mosquito  will  take  place,  since  the  sehizonts  all  perish  in  its 
stomaeh.  On  the  contrary,  if  the  mosquito  takes  blood  from  a  per- 
son who  has  been  ill  with  malaria  for  some  time,  or  from  an  appar- 
ently healthy  carrier,  the  sehizonts  die  as  usual,  but  the  gametes  find 
in  the  mosriuito  stomach  for  the  first  time  conditions  suitable  for 
their  further  development. 


Digitized  by  Google 


SPOROZOA  777 

The  various  stages  may  be  studied  by  causing  suitable  species  of 
auophelines  to  bite  persons  with  many  gametes  in  their  blood,  and 
tbcn  dissecting  the  stomach  and  observing  the  chan^^es  which  take 
place  there.  The  development  is  visible  in  unstained  specimens  with 
high,  dry  lenses.  Since  there  is  no  essential  difference  in  the  develop- 
ment of  the  three  forms  of  malaria  in  the  mosquito,  they  will  be  con- 
sidered together.  The  first  stage  has  already  been  described  in  dis- 
cussing the  appearance  and  behavior  of  gametes  in  fresh  blood.  In 
the  mosquito  the  process  may  be  followed  further;  the  macrogamete, 
freed  from  its  enveloping  red  cell,  projects  a  littje  mound  on  its  sur- 
face, and  this  apparently  attracts  the  niicroga  metes  to  its  neighbor- 
hood. Into  this  microphyle  one,  but  never  more,  of  the  tlagella  pene- 
trates, following  which  the  mound  is  instantly  retracted.  The  fer- 
tilized macrogamete,  now  called  a  "zygote,"  soon  develops  the  powei 
of  vermicular  motion,  then  being  called  an  ookinet,  and  travels  to 
the  wall  of  the  stomach,  and,  like  the  coceodia,  penetrates  an  epithelial 
cell  and  there  encysts,  making  the  oocyst.  This  grows  rapidly  and 
soon  escapes  from  its  host  cell  and  comes  to  lie  in  the  outer  layers 
of  the  stomach  wall,  and  as  it  grows  projects  into  the  body  cavity  of 
the  mosquito.  The  nucleus  divides  repeatedly,  alwaj's  accompanied 
by  some  of  the  cytoplasm,  forming  numerous  sporoblasts,  and  these, 
in  turn,  subdivide  into  innumerable  sporozoites;  these  last  escape, 
with  the  rupture  of  tiie  oocyst,  into  the  body  cavity.  From  there 
they  pass  to  all  parts  of  the  mosquito,  but  especially,  perhaps  be- 
cause of  chemotaxis,  to  the  salivary  glands  and  ducts,  and  when 
next  the  mosquito  bites  a  warm-blooded  host  the  sporozoitcs  enter  the 
blood  stream  and  start  life  anew. 

Cultivation  of  the  Malarial  Parasites  in  Vitro. — Bass  and  Johns  in 
1911  annomiced  the  cultivation  of  a  few  generations  of  Plasmodium 
vivax  in  vitro  under  strict  anaerobic  conditions.  Ten  c.e.  or  more  of 
blood  from  &  malarial  patient  is  deflbrinated  and  distributed  in  small 
test  tubes  in  one  c.c.  qnantities  and  to  it  is  added  one  per  cent  of  a 
fifty  per  cent  solution  of  glucose.  The  red  cells  settle  so  that  they  are 
covered  with  one-half  em.  of  serum ;  the  parasites  grow  in  a  thin  layer 
near  the  top  of  the  cell  mass ;  beneath  this  they  die,  or  are  phagocyted. 
The  optimum  temperature  is  1!)°  to  40°  C. 

Bass  states  that  he  has  cultivated  all  three  species  of  Plasmodia 
by  destroying  the  complement  by  heating  one-quarter  to  one-iialf  hour 
at  40°  C.  Under  strict  anaerobiasis  it  was  possible  to  transfer  the 
cultures  and  to  keep  them  alive  for  twenty  days. 
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Transmission  is  solely  by  various  species  of  anopheles  niosquijoes. 
Although  there  are  fifty  or  more  recognized  species,  only  sixteen  have 
been  proved  malarial  carriers.  The  more  important  are  Anopkdes 
guadrimaculatus  in  the  United  States,  Anopheles  albimajius  in  the 
American  tropics,  Anopheles  maculipennis  in  Europe,  Anopheles  sch- 
ensis  in  India,  and  Anopheles  coslalis  in  Africa. 

Seioription  of  the  Hoaqoito. — It  is  impractical  to  give  more  than 
a  hasty  description  of  mosquitoes,  and  the  reader  is  referred  to  larp*r 
works  on  the  subject  (Howard,  Dyer  and  Knab;  Theobald  or  "Medi- 
cal Entomology,"  Patton  and  Cragg,  London,  Madras  and  CaleiitU, 
1913).  It  may  be  noted,  however,  that  the  Culidd^.  or  mosquitoes, 
belong  to  the  Dipiera,  or  two-winged  insects.  They  pass  through  fonr 
distinct  stages  in  their  development,  the  egg,  larval,  pupal  and  ailult 
or  imago  stage.  The  eggs  are  invariably  laid  in  water  where,  if  the 
temperature  is  warm,  they  hatch  in  one  to  four  days.  Anopheles 
eggs  are  single  and  oval,  supported  on  the  surface  of  the  wHter  by 
ornamental  air  cells;  those  of  culex  are  cemented  together  when  laid 
in  raft-like  masses. 

The  larvffi  are  aquatic  and  die  quickly  out  of  water.  They  are 
both  bottom  and  top  feeders,  eat  voraciously,  consuming  algie  and 
other  vegetable  matter,  and  some  varieties  are  cannibalistic.  The 
larvie  are  provided  with  a  breathing  tube  or  respiratory  siphon  pro- 
jecting upward  from  the  dorsal  surface  at  the  caudal  end,  and  in 
breathing  this  is  thrust  upward  to  the  surface  of  the  water  and  the 
larva  hangs  suspended  from  the  surface  film.  In  the  anophelines  the 
breathing  tube  is  short  and  its  angle  with  the  body  is  such  that  the 
larva  lies  parallel  with  the  surface;  with  eulex  and  other  genera  the 
body  lies  at  an  angle  with  the  surface.  The  larval  stage  lasts  abinit 
six  to  fourteen  (Jays,  depending  upon  the  temperature  and  fotxl  sup- 
ply, and  is  followed  by  the  pupal  stage,  during  which  no  feeiling 
occurs;  the  pupa,  however,  needs  air  and  is  provided  with  a  short 
respiratory  tube  at  each  side  of  the  head.  The  habit  of  coming  to  the 
surface  of  the  water  to  obtain  air,  which  obtains  in  all  mosquitoes 
except  the  Mansoiiia,  gives  a  point  of  attack  in  combating  them,  since  a 
layer  of  mineral  oil  on  the  surface  of  the  water  occludes  the  respira- 
tory siphon  and  so  kills  them. 

The  adult,  or  imago,  emerges  from  the  pupa  when  the  latter  is  one 
to  three  days  old;  the  pupal  case  ruptures  along  its  dorsum  and  the 
emerging  imago  rests  on  the  floating  pnpnl  case  until  its  wings  are 
dry.     Since  this  is  a  critical  stage  in  its  life  history  and  demands 
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Fig.  195.— <;oMPAnisoN  oP  Culex  (Inf')  and  Anopheles  (riphi).  Rksb;  larva;  (note 
poflition) ;  ponilion  of  insects  at  rest;  winns;  heads  ahowin(t  anlrniup  anil  palpi. 
(Alter  Kolle  and  Hetwh.    Jordan,  "General  Bacteriology,"  Saunders.) 
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quiet  water,  it  is  evident  that  the  least  wave  action  is  fatal  to  the 
niosi|iiito. 

'Ihe  nature  of  the  breeding  plaee  is  characteristic,  to  a  certain 
extent,  of  each  genus  of  cvlictdtr;  stegomyia  (odes  calopus),  the  car- 
rier of  yellow  fever,  for  example,  is  strictly  domestic  and  breeds  in 
water  jars,  tin  cans,  old  beer  btittles  and  other  artificial  collections 
of  water;  wyeomyia  breeds  exclusively  in  the  fluid  at  the  base  of  the 
leaves  of  air  plants;  (bronieliads)  the  anophelines,  while  domestic  to 
the  extent  that  they  live  near  human  habitations,  require  natural  col- 
lections of  water  for  breeding  places,  such  as  sheltered  spots  along  the 
overgrown  banks  of  streams,  temporary  puddles  and  even  in  water  in 
the  footprintSi  of  man  and  animals. 

A  proper  classification  of  moajuitoes  requires  considerable  train- 
ing, but  the  following  points  will  snfilice  to  separate  the  anophelines 
from  other  mos<(uit<ies.  (>□  either  side  of  the  proboscis,  as  seen  under 
a  hand  lens,  are  two  pairs  of  organs;  next  to  the  proboscis  are  the 
palpi,  and  outside  of  these  the  antenniv;  the  latter  servB  to  distinguish 
the  sexes,  the  anteuDie  of  the  male  being  heavily  ornamented  with  a 
busily,  hairy  invesliiicnt  ( plumose) ;  the  female  antenna',  on  the  con- 
trary, are  provided  with  relatively  few,  short  hairs,  arranged  in  rings 
at  llie  joints  (pilose).  In  the  anophelines  the  palpi  in  both  sexes  arc 
h  ug,  at  least  as  long  as  the  proboscis,  while  in  all  other  mosquitoes 
iliiy  are  short  in  the  female  or  in  both  sexes.  This  is  the  principal 
dilVorential  point.  The  wing  markings  arc  of  some  help,  since  ano- 
pheline  wings  are  almost  always  spotted.  Quite  characteristic  also  is 
the  position  assumed  by  both  genera  while  at  rest;  among  the  ano- 
phelines the  head,  thorax  anil  abdomen  are  all  in  a  straight  line  and 
the  insect  makes  an  angle  with  the  surface  upon  which  it  rests;  while 
the  culiciilfl!  are  hump-backed,  the  thorax  and  head  aTe  bent  on  the 
abdomen  so  that  the  latter  lies  parallel  to  the  surface.  By  these  char- 
acteristics it  is  easy  to  identify  a  mosquito  as  an  anopheline,  but  the 
further  classification  into  species  is  less  simple,  and  works  on  ento- 
mology must  be  consulted. 

The  life  history  of  the  anophelines  is  not  yet  completely  known; 
they  fly  and  bite  at  dusk  and  dawn  and  during  the  night,  and  thus 
differ  from  stegomyia  and  most  other  cutieidu.',  which  are  day-time 
biters.  Their  breeding  places  have  already  been  described ;  of  special 
importance  are  the  temporary  collections  of  water  in  which  the  larvjr. 
unhampered  by  their  natural  enemies,  quickly  reach  maturity  in  law 
numbers.    With  abundance  of  food  and  warm  weather,  th«  larvas  may 
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require  no  more  than  ten  days  to  complete  their  three  molts.  The 
female  alone  sucks  blood,  the  male  living  oa  fruit  and  vegetable  juices. 
Egg-laying  does  not  take  place  until  after  a  meal  of  blood,  and  it  is 
possible  that  the  female  journeys  fairly  long  distances  to  obtain  this 
food,  and  that  the  first  flight,  from  breeding  place  to  human  habita- 
tions, may  be  longer  than  snbseqnent  flights.  In  general  the  flight  is 
short,  not  over  three  hundred  yards,  and  Goi^as  found,  in  Panama, 
that  a  clearing  of  that  width  about  houses  gave  ample  protection. 

The  incubation  period  of  the  parasite  in  the  mosquito  is  about 
twelve  days,  after  which  the  insect  remains  a  carrier  during  the  rest 
of  its  life,  and  as  the  health  of  the  mosquito  is  unaffected,  this  may 
be  for  two  months  or  more. 

Epidemiolo^. — Since  malaria  is  conveyed  solely  by  the  bite  of  an 
infected  anopheline,  the  epidemiology  is  comparatively  simple.  In 
practice,  nevertheless,  the  prevention  of  the  disease  ia  extremely  diffi- 
cult ;  but  it  is  the  same  for  all  forms  of  malaria.  It  must  be  attacked 
from  all  possible  angles  and  the  following  are  the  main  points  to  be 
observed: 

1.  Screened  honses  afford,  perhaps,  the  simplest  form  of  protec- 
tion, and  in  beginning  work  in  a  new,  badly  infected  place,  should 
be  the  first  thing  provided,  since  they  afford  a  place  of  security  in  an 
otherwise  dangerous  area,  where  the  workers  may  take  refuge  until 
the  situation  is  under  control.  This  method  alone  has  given  magnifi- 
cent results  in  Italy  (Cetii)  since  it  was  first  used  experimentally  by 
Sambon  and  Low  in  the  Roman  Campagna.  The  screens,  to  be  dur- 
able, must  be  of  bronze  and  not  iron,  and  of  a  fine  mesh  (20  strands 
to  the  inch),  and  should  be  placed,  not  on  windows  and  dciors,  but  on 
the  outside  of  porches  and  balconies;  doorways  should  have  screened 
vestibules. 

In  default  of  metallic  house  screens,  bed  nets  may  be  used,  al- 
though they  are  not  very  satisfactory,  since  one  must  retire  at  dusk 
to  be  protected.  In  default  of  both  screens  and  bed  nets,  something 
may  he  accomplished,  temporarily,  by  daily  mosquito  catching,  and 
in  Panama  the  method  has  given  remarkable  results.  A  native, 
armed  with  a  small  acetylene  lantern  and  a  few  catching  bottles, 
soon  becomes  expert,  and  can  capture  each  day  all  the  mosquitoes  in 
a  number  of  dwellings.  In  this  way  very  few  anophelines  escape  cap- 
ture long  enough  to  become  infective  for  man.  Chloroform  catching 
bottles  are  easily  prepared  by  packing  a  half  ounce  of  small  rubber 
bands,  cut  up  finely,  into  the  bottom,  and  pouring  in  as  much  chloro- 
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form  as  the  rubber  will  absorb  and  covering  it  over  with  dry  blotting 
paper.  The  wide-mouthed  catching  bottle  is  uncorked  and  inverted 
over  the  resting  mosquito,  which  is  killed  by  the  chloroform.  A  con- 
venient trap  bottle  has  been  described  by  La  Priuee.  Below  the  cork 
is  placed  a  funnel  trap,  making  it  possible  to  pass  from  one  spot  to 
another  without  waiting  for  the  chloroform  to  act  upon  the  mosquito. 

2.  The  second  measure  is  the  prevention  of  mosquito  breeding; 
this  is  a  lai^  but  not  a  hopeless  undertaking,  if  carried  out  intelli- 
gently. In  the  first  place,  it  is  to  be  remembered  that  comparatively 
few  mosquitos  are  disease  carriers,  and  that  measures  need  be  directed 
against  them  only.  It  was  first  shown,  for  example,  by  Gorgas,  in 
Havana,  that  stegomyia  could  be  practically  exterminated  by  doing 
away  with  water  in  artificial  containers  in  the  neighborhood  of  dwell- 
ings; this  so  reduced  their  numbers  that  when  a  case  of  yellow  fever 
was  introduced  into  a  community  the  disease  would  not  spread.  In 
the  same  way  malaria-carrying  mosquitoes  may  be  fought,  witliont 
regard  to  the  presence  of  non-disease  carriers.  An  accurate  moscjuito 
survey  is  first  made,  both  by  examination  of  the  catch  of  adults  and 
by  a  hunt  for  larvse  in  collections  of  water  throi^hout  the  district 
A  puddle  or  stream  is  examined  by  dipping  with  a  white  saucer  or  a 
long-handled  dipper,  along  the  margins;  after  a  little  practice  it  is 
possible  to  obtain  any  larva  which  may  be  present,  and  to  decide  by 
their  appearance  and  behavior  whether  they  are  anophelines.  It  is, 
of  course,  unnecessary  to  waste  time  and  money  destroying  collections 
of  water  free  from  anophelines.  When  the  breeding  places  have  been 
located,  they  may  be  destroyed  by  the  use  of  oil  or  larvacide,  by  drain- 
ing or  by  filling. 

The  use  of  oil  and  tarvacides,  while  usually  a  temporary  measure, 
is,  nevertheless,  of  great  importance;  any  light  fuel  oil  may  be  used 
by  spraying,  by  mop)iing  the  sides  of  ditches  or  margins  of  pomls.  or 
by  a  drip  barrel  at  the  head  of  a  water  course.  Since  iu  the  malarial 
season  the  mosquito  develops  rapidly  the  oil  must  be  applied  regu- 
larly once  a  week. 

Wherever  possible,  the  swampy  areas  and  pools  must  be  drained, 
and  for  this  purpose  both  agricultural  tile  and  open  ditches  may  be 
used ;  in  the  tropica  it  is  necessary  to  line  the  latter  with  concrete  to 
prevent  overgrowth  by  rank  vegetation  and  to  protect  the  banks 
against  caving.  Where,  because  of  the  lay  of  the  land,  drainage  is 
impracticable  the  area  may  be  filled,  or  sometimes  flooded,  or  irrigate<1 
with  sea  water,  in  which  most  anophelines  do  not  survive.    It  is  better 
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in  the  long  run  to  begin  in  tlie  center  of  the  settlement,  with  pernm- 
neut  iniprovementa,  working  oiitwartls  as  money  becomes  available, 
and  not  to  depend  on  oiling  except  as  a  temporary  measure. 

3.  The  infection  is  kept  alive  jn  a  eomnumity  by  human  carriers, 
and  these  are  espceiaily  common  among  natives  and  the  poor  and 
ignorant.  Newcomei«  should  not  live  within  five  hundred  yards  of  the 
dwellings  of  these  classes,  as  infeeted  auophelines  can  easily  travel 
shorter  distances.  Only  when  it  is  possible  to  protect  the  natives  also 
by  these  measures  is  it  safe  to  live  among  them;  and  that  this  is  pos- 
sible has  been  shown  many  times,  particularly  in  Panama. 

4.  The  proper  treatment  and  cure  of  all  eases  will  not  only  pre- 
vent relapses  and  tlie  carrier  state  (malarial  cachexia),  but  is  one  of 
the  most  important  means  of  exterminating;  the  disease,  since  every 
nestlected  case  becomes  a  f<icua  for  new  mosquito  and  in  consefpience 
new  human  infwiioiis.  It  is  just  as  impoi'tant  a  part  of  the  preven- 
tion of  the  disease  as  any  other  single  measure. 

5.  Quinine  prophylaxis  is  an  unsatisfactory  measure  which  must 
he  used  by  travelei-s,  exjdorers  and  troops.  There  is  uo  method  of 
using  ijuinine  which  wilt  entirely  prevent  malaria  wiien  tlie  chances 
for  infection  are  many ;  the  foIlowiuH  methods  have  all  been  used ;  ( 1 ) 
The  so-called  gram  prophylaxis  u\  which  one  gram  of  (luinine  is  taken 
intermittently  every  tenth  diy  as  the  minimum  to  every  fourth  day 
as  the  ma.timuni.  The  gram  may  be  taken  in  a  sm^Ii  dose  at  bed-time, 
or  in  four  divided  doses  during  the  da>  tune  (2)  The  double  grain 
pr<)phj'laxis,  in  which  tlii.  dost,  is  taktn  on  two  suttessive  days,  as,  for 
example,  on  the  tenth  and  ckventh  or  on  tht  hfth  and  sixth.  (3) 
The  half  gram  prii|)h\laMS  as  piop«)spd  b\  A  I'lehn,  was  0.5  gram 
every  fifth  day;  experience  has  shown  that  it  is  of  little  value.  (4) 
A  daily  dose  of  0.4  to  t)'^  gram  g(\»s  bittir  results  than  any  other 
method,  since  the  patnnt  sufUrs  Uss  turn  (iiiihonism  than  when 
larger  doses  are  taktn  intiimitttnth  and  tikis  his  quinine  more 
faithfully.  The  sine  of  tlie  dose  depends  on  the  form  of  fever  pres- 
ent and  the  number  of  chances  for  infection ;  0.4  gram  will  often  . 
protect  against  tertian  and  quartan,  while  even  0.8  may  fail  to  pre- 
vent lestivo-autumnai.  Latent  infections  and  relapses  among  "prophy- 
laetieers"  are  eominon  and  black  water  fever  is  not  an  infre- 
quent sequel. 

6.  Personal  prophylaxis  by  means  of  head  nets,  gloves,  suitable 
clothing,  and  the  use  i>f  essential  oils,  such  as  eitninella,  on  exposed 
parts  of  the  body,  is  liel]>ful  in  emergencies. 
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In  conclnsinn,  it  may  be  affirmed  that  any  difitriet,  no  matter  how 
notorious,  may  be  freed  from  malaria,  if  necessity  demand  it  and 
money  be  forthcoming,  by  means  of  the  above  measures. 

Pathology. — The  pathological  features  of  the  disease  are  quite  defi- 
nite; at  autopsy  there  is  evidence  of  some  secondary  anemia,  due  to 
the  destruction  of  enormous  numbers  of  erythrocytes;  the  hemozoin, 
in  well-marlted  eases,  accumulates  in  the  viscera  until  they  are  choco- 
late or  slate  colored ;  the  spleen  is  enlarged  and  friable,  and  the  liver 
and  kidneys  may  show  cloudy  swelling.  In  smears  prepared  from  the 
spleen,  liver,  kidneys,  brain  and  bone  marrow,  parasites  and  hemozoin 
win  be  found,  although  the  former  may  not  be  numerous.  The  distri- 
bution of  the  parasites  is  usually  unequal,  but  they  are  often  present 
in  the  spleen  and  brain  in  greatest  numbers. 

The  origin  of  the  pigment  has  already  been  described;  it  is  phago- 
cyted  and  accuiQulatea  in  the  viscera,  but  after  a  time  disappears  in 
some  unknown  way ;  its  presence,  therefore,  Ts  an  indication  of  ma- 
laria in  recent  years.  It  must  be  distinguished  from  hemosiderin,  a 
yellowish  pigment  found  ih  the  viscera  after  extensive  destruction  of 
red  blood  cells.  Hemozoin  is  soluble  in  alkalis  and  insoluble  in  acids, 
water,  chloroform,  alcohol  and  ether,  while  hemosiderin  is  insoluble  in 
acids  and  alkalis  but  soluble  in  alcohol.  Both  c<mtain  iron,  yet  the 
former  (hemozoin)  does  not  give  a  Berlin  blue  reaction,  while  it  is 
present  with  the  latter. 

The  leucocytes,  although  increased  during  paroxysm,  are  soon 
diminished  so  that  leucopenla  is  characteristic  of  the  disease;  in  addi- 
tion, there  is  a  relative  increase  in  the  mononuclear  leucocytes.  The 
loss  of  hemnglobin  is  very  great,  yet  is  quickly  recovered  from  during 
wmvalescence. 

In  fatal  cases  of  spstivo-autumnal  fever  a  striking  feature  is  the 
presence  of  innumerable  infected  red  cells  in  the  capillaries  of  the 
brain  or  abdominal  viscera.  A  smear  from  a  pigmented  brain  may 
show  a  capillary  thrombus  made  up  of  infected  erythrocytes,  most  of 
them  showing  the  sporulating  stage.  In  deaths  after  repeated  ma- 
larial attacks  the  kidneys  will  show,  in  addition  to  the  presence  of 
many  parasites,  a  marked  chronic  diffuse  nephritis,  one  of  the  most 
important  sequelrt;  of  the  disease. 

Immunity. — The  disease  is  strictly  confined  to  human  beings,  as 
none  of  the  lower  animals  are  susceptible;  there  appears  to  be  some 
racial  and  acquired  immunity,  although  it  is  incomplete;  in  native 
settlements  the  number  of  children  showing  parasites  in  the  blood  is 
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much  greater  than  the  number  of  adults,  yet  the  latter  are  not  abso- 
lutely immune;  one  attack  certainly  gives  no  protection  aifainst  a  new 
infection.  The  evidence  from  different  regions  is  quite  oontiicting  in 
regard  to  immunity  and  has  been  most  plausibly  explained  in  this 
way;  where  the  disease  prevails  throughont  the  year  there  is  a  con- 
stant reinfection  and  under  this  stimiilns  the  body  is  able  to  keep  up 
an  immunity  strong  enough  to  kill  off  the  parasites  before  any  symp- 
toms arise;  in  other  regions,  however,  where  malaria  is  a  seasonal  dis- 
ease, the  constant  stimulus  is  lacking  and  there  is  less  evidence  of 
immunity.  It  has  also  been  noted  that  the  three  varieties  of  the  dis- 
ease are  dfstinct,  and  that  no  immunity  against  the  whole  group  is 
obtained  by  an  infection  with  one  species. 

Since  many  mild  cases  recover  without  treatment,  it  is  apparent 
that  some  little  immunity  is  produced  by  an  infection,  yet  it  is  tem- 
porary and  does  not  protect  against  repeated  relapses.  Before  the 
days  of  radical  treatment  with  quinine,  relapses  were  the  rule  and 
were  considered  an  essential  feature  of  the  disease  (Mannebcrg), 

Clinical  experience  teaclies  that  r^-lapses  occur  when  treatment  has 
been  insufficient,  and  especially  after  fatigue,  getting  wet  and  catch- 
ing cold,  or  after  over-heating  in  the  tropical  sun,  and  particularly 
after  a  seavoyagc  or  a  long  journey.  They  may  continue  to  occur 
in  a  region  free  from  malaria,  for  about  three  years;  in  a  malarial 
region  it  is  difficult  to  differentiate  between  relapses  and  reinfections. 
They  are  roost  frequent  after  quartan,  then  tertian,  and  least  follow- 
ing festivo-autumnal. 

The  cause  of  the  relapse  is  still  a  matter  of  discussion;  Schaudtnn 
explained  it  as  due  to  parthenoKenesis,  the  macrogamete  changing  to 
a  schizont  after  expelling  a  part  of  its  nucleus  and  cytoplasm,  and  so 
starting  a  new  cycle  of  asexual  parasites.  Craig  has  suggested  an 
intra-eorpuscular  conjugation  as  the  beginning  of  a  new  crop  of  para- 
sites. It  is  possibletbat  the  old  theory,  that  parasites  survive  for 
long  periods  in  the  viscera,  is  correct  and  that  the  relapse  is  brought 
about  by  any  condition  which  temporarily  reduces  the  convalescent's 
immunity,  such  as  fatigue,  etc,  11.  C.  Clark,  in  Panama,  has  exam- 
ined a  large  series  of  placentas  froin  apparently  healthy  women  and 
found  that  not  infrequently  they  contained  plasmodia  in  large  num- 
bers, even  in  the  absence  of  recent  malarial  attacks.  There  was,  evi- 
dently, sufficient  immunity  to  hold  the  parasites  in  check  luider  ordi- 
nary circuQistaiices. 
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BLACK  WATEB  TEVtSi 


This  condition  follows  malaria  and  occurs  only  in  malarial  dis- 
tricts, and  by  iimst  authorities  is  believed  lo  be  a  se"|uel  of  the  disease, 
diie  to  some  unknown  factor.  Custellani  and  Chalmers,  however, 
separate  it  into  three  forms,  symptomatic,  toxic  and  specific  hemo- 
globinuria, examples  of  which  are,  respeetirely,  malarial  and  qninine. 
benioglobinuria  and  black  water  fever.  In  none  of  these,  however,  is 
the  etiolo^'  clear;  the  disease  does  not  occur  independently  of  ma- 
laria, and  an  attack  may  be  precipitated  or  aggravated  by  quinine. 
Leishman  has  described  certain  cell  inclusions.  |K)ssibIy  chlamj'do/oa, 
as  the  cause.     The  etiology  is,  at  the  present  time,  far  from  clear. 

TBEATMENT  OF  ICALABIA 

In  quinin«>  wc  have  a  true  eheniical  specific  for  malaria,  and  when 
^v«'n  early  enough  and  in  sufficient  doses,  will  cure  the  disease  with 
certainty.  It  is  usually  given  in  the  form  of  the  sulphate  or  dihydm- 
chlorate,  preferably  in  solution,  but  may  be  administered  in  freshly 
prepared  capsules:  pills  and  tablets,  while  convenient,  are  unsatis- 
factory because  of  their  relative  insolubility.  It  acts  vigorously  on 
the  merozoites  and  young  trophozoites,  but  has  almost  no  direct  effect 
upon  the  gametes.  The  size  of  the  dose  depends  on  the  form  of  the 
fever  and  its  severity.  In  ordinary  cases  five  grains  three  times  a  day 
is  sufficient,  while  in  severe  iufections  not  less.than  thirty  grains  a  day 
must  be  given;  the  l>est  time  is  immediately  after  meals,  without  re- 
gard to  the  time  of  the  chill.  To  prevent  relapses,  the  treatment  of  the 
original  infection  must  be  thonmgh,  and  the  patient  should  be  kept 
in  bed,  upon  a  light  diet  and  attention  paid  to  the  condition  of  the 
bowels.  During  and  after  convalescence  the  treatment  -must  be  con- 
tinued for  three  months,  though  the  daily  dose  may  l>e  flecreased 
graduall.v,  beginning  a  week  or  ten  days  after  the  subsidence  of  the 
fever.  In  exceptional  cases  a  relapse  will  occur  while  the  patient  is 
still  taking  massive  doses  of  quinine,  and  by  sonx'  this  has  \n-\m  looked 
upon  as  an  evidence  of  immunity  of  the  parasite  to  the  ilriig,  but  it  is 
pos-sible  that  it  is  merely  due  ,t'>  non-alisorption  of  the  quinine,  and 
carminatives  should  be  added  to  the  dose  to  assist  in  its  absorption. 

OTHER  MALABUL  PARASITES 
From  time  to  time  additional   malarial  parasites  have  been  de- 
scribed, only  two  o£  which  are  of  any  importance  at  present :    I'las- 
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modium  vivax,  variety  miiuila,  ami  I'laxmodium  tetiue.  The  former 
was  described  by  Ahmed  Eiiiin  in  1914.  It  reseniblea  the  usual  ter- 
tian in  {reneral,  but  differs  in, the  following  points;  it  is  sniHller,  the 
infected  erythrocyte  is  not  enlarged,  and  the  number  of  inerozoites  is  , 
small  (four  to  ten).  The  pipnent  is  fine  and  motility  is  not  marked. 
Multiple  infection  of  the  erythrocytes  is  not  uneommon.  Craig '  de- 
scribed a  similar  parasite  in  1900,  and  he  supsesta  that  the  parasite 
has  been  confounded  with  Plasmodium  malarite. 

In  1914,  Stephens  ^  described  an  organism  from  one  slide,  which  he 
calls  Plasmodium  tenue.  It  is  said  to  be  deficient  in  pigment,  mark- 
edly motile,  and  rich  in  chromatin.  Since  the  parasite  was  described 
from  one  slide,  it  is  very  doubtful  if  it  can  at  preset>t  he  accepted  as 
a  valid  .s|)eeies. 

Firoplaamidee  (Franja).— This  is  a  provisional  family  lielongiufi;  to 
the  hemi)ai»oridia,  the  type  of  which   is  Babesia  bUiewitnim,  Smith 
and  Kilborne   {/liroMtna,  pi- 
roplasma),    the    cause    of 
Southern  cattle  fever. 

The  parasite  was  first  de- 
scribed by  Smith  and  Kil- 
borne in  1889,  and  correctly 
placed  by  them  among  the 
protozoa;  they  also  demon- 
strated its  transmission  by 
the  cattle  tick,  and  this 
achievement  marks  the  he- 
pinning  of  me<lical  protozo- 
ology. To  the  original  para- 
site, the  cause  of  Texas  fever, 
has,  in  course  of  time,  been 

added  other  forms  until  now     pio.  196.— Babesia  bujeminum.  (Army  Med. 
we  have  a  family  consisting         School  Collection,  Washington,  D.  C.) 
of  Babesia  bigeminum,  hovii, 

canis.  eqvi,  ovis,  mutajis,  qiiotlrifjemintivi,  and  a  closely  related  para- 
site, Theileria  parva. 

iHorpIirilogji.—rThc  parasites  are  pear-shaped,  round,  oval  or  ame- 
boid, inhabiting  mammalian  red  blood  cells,  which  they  destroy  but 

'  Craig,  Join.  VnTiiHit,H.,  HrlMina,  lit.,  1014.  I,  88. 

•  SUphens,  Prop.  Roy.  Snp.,  Lontl.,  Series  B.  87,  p.  376. 


vGooj^lc 


788  PATHOGENIC  PROTOZOA 

without  producing  pigment.  In  cattle,  slieep,  horses  and  dogs,  the 
freed  hemoglobin  is  excreted  by  the  kidneys,  producing  the  disease 
variously  known  as  red  water  fever,  Texas  or  Southern  cattle  fever, 
tick  fever,  bovine  malaria,  hemoglobinuria,  and  others.  The  parasite 
is  small,  two  to  four  microns  long  and  one  to  two  wide,  and  character-' 
istically  occurs  in  pairs,  the  narrow  ends  being  united.  When  the 
parasite  is  mature  the  two  daughter  cells  separate  and  when  liberated 
by  the  degenerated  erythrocyte  attack  new  red  cells.  The  pear-shaped 
babesia  enters  a  new  cell  by  its  broad  end,  becomes  rounded  or  ring- 
like, then  ameboid  in  form,  and  finally  the  nucleus  sends  out  a  bud; 
this  divides  into  two  by  forking,  and  as  the  nuclear  matter  continues 
to  grow  each  portion  becomes  surrounded  by  cytoplasm  and  ultimately 
the  two  new  daughter  cells  separate  from  one  another.  Multiple  in- 
fections of  single  red  cells  are  eonniion,  as  many  as  sixteen  pairs 
bavin);  been  seen  in  a  single  cell. 

Ciood  preparations  for  clinical  work  are  obtained  by  some  one  of 
the  Komanowski  stains,  but  the  finer  details  of  the  nucleus  and  cell 
division  can  only  be  studied  after  iron  hemotoxylin  staining. 

The  parasites,  with  the  exception  of  Theilerta  parva,  do  not  disap- 
pear completely  from  the  blood  after  the  animal  recovers  from  its 
illness,  bnt  remain  indefinitely  in  the  circulation,  and  their  continued 
presence  and  virulence  may  \x'.  demonstrated  by  the  inoculation  of 
non-immnne  animals  with  blood  from  an  animal  which  has  recovered. 

Trannmiision. — Transmission  from  host  to  liost  is  by  means  of  ticks. 
Margaropus  anmihtus  carries  Southern  cattle  fever  in  the  United 
States,  but  other  ticks  are  carriers  in  South  America  and  the  West 
Indies.  In  general,  each  species  of  babesia  is  specific  for  a  particular 
animal,  and  each  is  carried  by  a  separate  group  of  ticks. 

Clinical  Observations. — Clinical  ol>servations  have  shown  an  in- 
cubation pcrioti  of  about  fourteen  days ;  the  onset  is  with  fever  and 
the  cattle  look  weak  and  ill,  neither  eat  nor  chew  the  cud,  but  stand 
with  sunken  head  and  relaxed  ears.  A  bloody  diarrhea  sets  in 
early  and  the  urine,  which  is  small  in  amount,  is  deep  red  in  color 
and  contains  much  albumin.  The  blood  shows  few  parasites  at  first, 
bnt  they  soon  increase  and  the  number  of  red  cells  falls  rapidly.  The 
mortality  varies  in  difTercut  epidemics  from  five  to  sixty  per  cent, 
but  has  been  as  liit;h  as  ninety  in  some  herds.  Young  cattle,  under  a 
year,  have  a  mild  form  of  the  disease,  and  remain  thereafter  immune. 

The  treatment,  once  the  disease  has  appeared,  is  unsatisfactory, 
since  we  have  no  specific,  but  much  may  be  done  by  prophylaxis. 
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Qnarantine  of  cattle  from  infected  regions  is  absolntely  neeessoi?  to 
prevent  the  spread  of  the  disease,  since  all  immune  animals  are  also 
carriers.  Young  animals,  between  nine  and  twelve  months  of  age, 
may  be  inoculated  with  the  blood  of  those  which  have  recovered,  five 
to  ten  c.c.  being  given  in  a  single  dose;  the  disease  lasts  two  to  three 
days,  and  the  mortality  is  not  great,  as  eighty  to  ninety  per  cent  of  the 
inoculated  animals  recover  and  remain  immune.  Inoculation,  how- 
ever, is  a  measure  of  doubtful  value  and  some  means  of  tick  eradi- 
cation should  be  used  if  the  disease  is  to  be  permanently  stamped 
ont 

tAfe  Bistory  of  the  Tick  {Margaropua  annulatua)^ 

The  tick's  life  is  divided  into  two  stages,  one  part  passed  on  cattle 
and  another  part  passed  on  the  ground.  The  mature  female,  as 
found  on  cattle,  is  about  half  an  inch  in  length,  plump  and  olive  green. 
When  fully  engorged  with  blood  from  its  host,  it  drops  to  the  ground, 
seeks  a  sequestered  hiding  place  and  if  it  escapes  birds,  ants  and 


Via.  197. — The  Texab  Fever  Tick  (Margaropus  annvlatas).    (Roeenau,  "Preven- 
tive Medicine  and  Hygiene.") 

other  enemies,  begins  after  a  few  days  of  warm  weather  to  lay  eggs. 
These  are  small,  elliptical,  at  first  light,  later  dark  brown,  and  are 
cemented  together  in  irregular  masses  by  a  sticky  secretion ;  in  num- 
bers they  vary  from  a  few  hundred  to  more  than  five  thousand  for 
each  female.  The  female  tick  dies  in  a  few  days  after  the  egg-laying 
has  been  completed.  The  eggs  soon  hatch  (after  nineteen  days  in 
summer  to  one  hundred  and  eighty-eight  in  winter)  and  a  small,  oval, 

1  Farmers'  Bull.  No.  498,  U.  S.  Dept.  of  Agri. 
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six-legfred  larva  or  seed  tick  appears,  and  promptly  climbs  up  on  the 
nearest  vegetation,  grass,  weeds  or  bushes  to  lie  in  wait  for  a  warm- 
blooded host.  Althongh  while  on  vegetation  seed  ticks  do  not  take 
food  nor  grow,  their  endurance  is  great,  and  during  the  colder  parts 
of  the  3'ear  they  may  live  for  eight  months.  The  nest  staiie  begins 
after  the  seed  tick  has  found  a  host,  when  it  sucks  blood,  iucrcasirig 
in  size  and  soon  (five  to  twelve  days)  molts  and  a  new  form,  the  eigltt- 
legged  nymph,  appears.  In  five  to  eleven  days  more  a  second  molt 
occurs  and  the  tick  is  then  sexually  mature  and  males  can  be  dis- 
tinguished from  females.  The  female  does  not  move  about  on  the 
animal,  but  the  male  seeks  her  out,  and  after  fertilization  growth  got-s 
on  rapidly  until  the  engorged  female  drops  to  the  ground.  To  sum- 
marize :  On  the  ground  is  the  engorged  female,  the  eggs  and  seed  ticks ; 
on  the  animal  is  the  seed  tick,  the  nymph,  the  sexually  mature  adult 
and  finally  the  engorged  female.  The  infected  female  tick  transmits 
the  babesia  to  the  larvte  through  the  eggs,  but  does  not  herself  bite 
nor  convey  the  disease  directly  to  another  animal. 

It  is  evident  that  the  tick  may  be  attacked  in  the  pasture  or  on 
the  cattle.  Pasture  rotation  ie  one  of  the  methods  recommended  by 
the  Agricultural  Department,  and  it  rests  upon  the  fact  that  all  the 
ticks  will  die  from  starvation  in  an  unused  pasture  in  from  six  to 
twelve  months,  varying  with  the  clijnate,  the  shorter  period  holding 
true  for  warmer  localities.  By  changing  pastures  a  farm  may  be  treed 
of  ticks  in  four  and  a  half  or  eight  months,  depending  on  the  plan  fol- 
lowed. For  economic  reasons,  lack  of  sufficient  pasture  land,  etc.,  this 
plan  has  not  been  widely  adopted.  A  second  plan,  that  of  dipping, 
has  been  more  successful.  The  cattle  are  driven  through  a  large  dip- 
ping vat  at  intervals  of  two  weeks  (never  more  than  three  must 
elapse)  until  they  and  the  pasture  ar.e  free  from  ticks.  The  fluid  in 
the  dipping  vats  is  an  alkaline  solution  of  arsenic;  oil  dips  are  little 
used  at  present.  Arsenical  dips  are  cheap,  easily  prepared  and  effi- 
cacious, two  or  at  moat  three  dippings,  at  ten-day  intervals,  being  suf- 
ficient to  free  heavily  infected  cattle,  and  if  they  can  then  be  put  on 
tick-free  pastures  the  problem  is  solved.  If  no  tick-free  pastures  are 
available,  dipping  must  be  continued,  as  above,  until  the  animata 
remain  permanently  free. 

The  prevention  of  tiek-bonie  disease  is  to  be  solved,  tlierefore,  by 
tick  eradication,  and  experience  in  the  Southern  states  has  shown  this 
to  be  a  practical  measure. 
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8ABC0SP0BISIA 

These  organisms  belong  to  the  sub-class  Neosporidia  of  the  Sporo- 
zoa,  because  the  spore  formation -coiameiiees  before  the  completion 
nf  growth.  They  have  been  known  since  1843,  when  Miescher  dis- 
covered "tnbes"  in  niiiscle  fibers,  visible  to  the  naked  eye  as  fine, 
white,  opaque  filaments.  They  have  been  found  in  deer,  cattle,  sheep, 
swine,  rabbits  and  man,  and  oeeosionally  in  birds  and  reptiles.  Ai- 
tliorigh  long  known,  our  knowledge  of  them  is  still  defective.  In  sheep 
they  are  the  cause  of  severe  epizoiities,  and  in  mice  they  are  fata): 
otherwise  they  seem  to  be  harmless  parasites  and  in  rare  instances 
have  been  accidentally  found  at  autopsy  in  man. 

The  method  of  transmission  is  not  definitely  known.  Theobald 
Smith  was  able  to  infect  mice  with  Sarcocystis  muris  by  feeding  mus- 
cles from  infected  mice,  and  Darling  was  able  to  infect  guinea-pigs 
in  the  same  manner.  In  nature  it  is  probable  that  infection  occurs 
through  the  intestinal  tract.  They  are  exceedingly  common  in  some 
localities  and  may  be  seen  in  most  abattoirs;  they  have  been  found  in 
ninety-eight  per  cent  of  swine,  ninety-eight  per  cent  of  sheep,  and 
commonly  in  deer  and  mice. 

To  the  naked  eye  they  appear  as  whitish,  opaque,  cylindrical  bod- 
ies in  the  muscles  lying  parallel  to  the  fibres.  In  the  sheep,  Sarcocystis 
tcnella  reaches  a  length  of  sixteen  mm.,  and  in  the  deer  cysts  of  fifty 
mm.  are  found.  In  structure  the  "tube"  is  seen  under  the  microscope 
to  be  composed  of  many  sickle-shaped  spores,  called  Rainey's  cap- 
sules. The  tube  has  not  a  single  cavity  but  a  honey-comb  or  alveolar 
structure,  and  the  spores  are  found  in  small  aggregations  in  the  cham- 
bers, completely  walled  off  from  one  another.  The  tube  itself  has  a 
heavy  striated  wall,  either  secreted  by  the  organism  or  composed  of 
altered  muscle  fiber  of  the  host.  The  spores  are  sickle  or  kidney- 
shaped  and  vary  both  among  themselves  and  with  the  host.  They 
contain-  a  nucleated  trophozoit,  and  at  one  pole  either  a  clear  or  an 
obliquely  striated  body, 

Laveran  and  Mesnil  (1899)  obtained  a  toxin  from  SarcocysHs 
tcnella  and  named  it  sarcocystin.  Darling,  working  in  Panama,  found 
this  organism  in  the  biceps  muscle  of  a  negro  from  Barbados. 
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CHAPTER   LVIII 

CLASS  IV— INFUSORU 
SUB-CLASS— (CILIATA) 

This  class  is  sharply  distinguished  from  a1)  other  protozoa  by  the 
presence  of  numerous  cilia,  distributed  in  various  ways  over  the 
ectoplasm,  which  serve  as  organs  of  locomotion,  and  by  the  presence 
of  two  or  more  nuclei.  They  fall  into  two  classes,  the  ciliata,  which 
are  provided  with  cilia  during  the  entire  life  cycle,  and  the  suctoria, 
which  lose  their  cilia  on  entering  the  adult  stage;  the  latter  are  of 
no  interest,  since  none  are  holozoic. 

Only  one  of  the  ciliates  is  of  importance  in  medicine,  Balaniidium 
coli.  Balantidium  and  Nyciothems  (aba,  having  been  reported  only 
once  in  man  hy  Schaudinn,  are  too  rare  to  be  considered  here. 

BAIANTISIirH  con  (Malatan) 

This  parasite,  first  described  in  1857,  is  commonly  found  in  the 
lower  intestinal  tract  of  swine;  while  usually  harmless,  it  may  cause 
a  moderate  mortality  in  thero  from  subacute  and  chronic  dysentery. 
It  has  frequently  been  reported  as  present  in  man,  and  is  readily 
diagnosed  on  examination  of  the  stools. 

The  organism  is  much  like  Paramecium  and  is  actively  motile  when 
obtained  from  fresh  stools,  or  from  scrapings  from  the  ulcerated " 
cecum  at  autopsy.  The  body  is  ovoid  and  rather  stumpy  toward  tbe 
anterior  end,  distinguished  by  the  triangular  peristome;  averaftc 
measurements  arc  about  eighty  by  sixty  microns.  The  ectoplasm  Is 
covered  with  thick,  parallel  bands  of  active  cilia,  giving  the  animal 
a  striated  appearance ;  tlie  macronuclens  is  kidney  shaped  and  lying 
close  to  it ;  the  micronuclcus  may  usually  be  distinguished.  At  one 
side  of  the  organism  are  found  two  contractile  vacuoles,  and,  in  the 
endoplasm.  food  vacuoles  and  fat  droplets. 

Multiplication  in  its  simplest  form  consists  of  binary  division, 
though  conjugation  also  occurs.     In  the  feces  of  the  host  encysted 
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forms  are  comtnon,  and  by  means  of  these  the  infection  is  transferred 
to  new  hosts. 

Although  long  believed  to  be  harmless,  pathological  lesions  have 
been  found  by  Strong  and  others  in  man  and  monkeys,  consisting  of 


FiQ.  198. — Balantidiuu  cou  in  a  Fou.ici.b  of  thb  Colon,  Breakinq  Throttob 
THK  Mucosa.    (Army  Med.  School  CollectioD,  WashiDgton,  D.  C) 

thickening  and  ulceration  of  the  infected  intestine,  with  penetration 
of  the  balantidium  through  the  gut  wall  to  the  subserous  layer.  Exten- 
sive lesions  may  be  found  at  autopsy,  even  in  the  absence  of  a  his- 
tory of  dysentery  or  diarrhea. 

CHLAHTBOZOA 

There  is  a  small  group  of  very  minute  intracellular  organisms 
which  are  believed  by  many  to  be  protozoa,  and  for  them  von  Pro- 
wazek  has  created  the  class  named  "  chlamydozoa. "  He  believes  that 
such  organisms  produce  smallpox,  vaccinia,  hydrophobia,  trachoma, 
scarlatina,  Molluscum  contagiomm,  avian  plat2:ue,  the  contagious  epi- 
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thelioma  of  birds,  hoof  and  mouth  disease,  jaundice,  of  silk  worms 
and  others.  The  delicate  organisms  are  tirst  noticed  as  fine  dots  of 
chroinatin  lying  in  the  cytoplasm  of  the  infected  cell  (the  so-called 
elementary  bodies).  When  larger  they  are  called  initial  bodies  and 
are  believed  to  set  up  a  reaction  in  the  cell,  which  causes  an  extru- 
sion of  the  plastin  from  the  nucleus;  this  envelops  the  initial  bodies 
like  a  mantle,  hence  the  name  " cklamydozoa,"  from  the  Greek  stem 
"ehlamys,"  meaning  mantle.  Inside  of  this  covering  they  multiply, 
in  some  instances  invading  the  nucleus. 

Their  very  existence  is  a  matter  of  dispute,  yet  at  the  present  time 
the  consensus  of  belief  is  that  they  constitute  a  group  of  parasites 
and  are  not  merely  forms  of  cell  inclusions  or  degenerations. 

Nogouehi '  has  shown  that  in  trachoma  these  organisms  may  be 
found  alone  without. any  other  pathopenie  organisms  being  present, 
and  that  they  may  be  transferred  to  the  conjunctiva  of  the  baboon 
and  higher  apes,  priMlucing  a  mild  form  of  the  disease.  Smears  of 
the  exudate,  taken  from  the  infected  animals  and  stained  with  Giemsa, 
show  cell  inclusions  without  the  presence  of  bacteria. 

'  Nogouehi,  Jour.  Exp.  Med.,  N.  Y.,  1915,  sxii,  304. 


Digitized  by  Google 


CHAPTEK  LIX 
TECHNIQUE  OF  BLOOD  EXAMINATIONS  FOR  PROTOZOA 

Slides  and  cover  glasses  must  be  scrupulously  clean,  and  are  best 
kept  in  covered  glass  jars  which  are  dust-proof.  For  most  purposes 
stained  preparations  on  slides  are  satisfactory  and  much  easier  to 
handle  than  cover  glasses. 

In  all  investigations,  both  wet  and  dry  preparations  should  be 
made ;  some  practice  is,  of  course,  necessary  to  obtain  satisfactory  ones, 
thin  enough  to  show  details.  As  Manson  says,  in  looking  for  dates 
OD  coins,  one  would  not  pile  one  coin  on  top  of  another;  so,  in  search- 
ing blood  cells  for  parasites,  it  is  necessary  to  have  the  cells  lying 
iiat,  and  in  a  siagle  layer.  Wet  preparations  are  made  with  a  drop  of 
blood  not  much  larger  than  the  head  of  a  pin,  on  which  a  cover  glass 
is  dropped,  and  gently  pressed  down ;  it  is  advantageous  to  lute  the 
margin  of  the  cover  glass  with  warm  vaseline  (warraed  by  holding 
the  camel's  hair  pencil  over  a  flame  for  a  few  seconds)  to  prevent 
evaporation  and  canse<|ueut  currents  under  the  cover  glass.  A  prop- 
erly sealed  wet  preparation  may  be  examined  at  intervals  during  sev- 
eral days,  and  this  is  often  necessary  in  studying  movements  and  the 
life  cycle.  Malarial  parasites,  trypanosomes  and  others  are  quickly 
detected  by  their  movements. 

Stained  preparations  are  necessary  for  tlie  study  of  details  of 
structure,  and  for  clinical  work  are  invaluable,  since  smears  may  \ff> 
collected  at  the  bedsidej  and  examined  later  at  home,  either  by  day- 
light or  artificial  light.  In  general,  a  one  hundred  watt  concentrated- 
filauicnt  nitrogen  bulb  will  be  found  the  best  source  of  illumination 
for  the  study  of  both  living  and  stained  protOKoa,  The  Welsbaeh 
mantle,  acetylene  gas  or  even  a  kerosene  lamp  are  satisfactory  sub- 
stitutes. At  times  a  color  screen,  made  by  interposing  a  round,  glass 
flask,  filled  with  dilute  cttpper  sulphate  solutiou,  between  the  light  and 
the  mirror,  will  prove  advantageous.  It  is  particularly  in  the  Sonth 
and  in  the  tropics  that  artificial  illumination  has  been  most  valuable. 

To  prepare  stained  preparations,  a  small  drop  of  blood  from  iJi? 
795 
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ear  is  placed  on  a  slide  near  one  end,  while  with  another  clean  slide 
the  spread  is  made  by  holdiog  its  narrow  end  in  the  drop  until  the 
blood  has  flowed  between  the  two,  and  then  pushing  the  spreader,  or 
second  slide,  held  at  an  angle  of  about  45°,  toward  the  opposite  end 
of  the  first  slide.  The  drop  of  blood  follows  closely  behind  the 
spreader,  and  the  thickness  of  the  film  may  be  varied  by  changing  the 
angle  of  the  spreader.  -The  thin  film  of  blood  dries  quickly  in  the 
air.  It  is  never  fixed  in  the  flame,  bat  always  in  methyl  alcohol  or  in 
the  stain  itself. 

Many  varieties  of  blood  stains  have  been  proposed,  bnt  the  simplest 
and  best  are  those  of  Wright  and  MacNeal.  Wright's  stain  is  pre- 
pared as  follows: 

Dissolve  0.5  gm.  of  sodium  bicarbonate  in  100  e.c.  distilled  water, 
and  add  1  am-  of  methylene  blue  (Ornebler).  Any  of  the  methylene 
blues  of  Gmebler  known  as  "BX,"  Koch's  or  Ehrlich's  rectified  may 
be  used.  It  seems  to  be  important  that  the  bicarbonate  of  soda  be  all 
'  dissolved  before  adding  the  methylene  blue. 

The  mixture  is  next  to  be  steamed  in  an  ordinary  steam  sterilizer 
for  one  hour,  counting  the  time  after  "the  steam  is  up."  The  heating 
should  not  be  done  in  a  pressure  sterilizer,  or  in  a  water-bath,  or  in 
any  other  way  than  as  stated.  This  steaming  of  the  alkaline  solution 
of  methylene  blue  effects  certain  changes  in  the  methylene  bine  where- 
by a  polychromatic  quality  is  given  to  it,  so  that  the  compoond  with 
eosin,  which  is  later  to  be  formed  with  it,  has  the  property  not  only 
of  differentially  staining  the  chromatin  of  the  malarial  para8it«,  but 
also  of  differentiating  and  bringing  out  more  sharply  the  naclei  and 
granules  of  the  white  blood  corpuscles. 

When  the  steaming  is  completed,  the  mixture  is  removed  from  the 
sterilizer  and  allowed  to  cool,  the  flask  being  placed  in  cold  water  if 
desired.  When  it  is  cold,  without  filtering,  pour  it  into  a  large  dish 
or  fiask,  and  add  to  it,  stirring  or  shaking^  meanwhile,  a  snffieient 
quantity  of  a  1:1000  solution  of  eosin  (Gmebler,  yellowish,  soluble 
in  water)  until  the  mixture,  losing  its  blue  color,  becomes  purplish, 
and  a  scum  with  yellowish  metallic  luster  forms  on  the  surface,  while 
on  close  inspection  a  finely  granular  black  precipitate  appears  in 
suspension.  This  will  require  about  500  c.e.  of  the  eosin  solution  for 
100  CO.  of  alkaline  methylene  blue  solution.  (The  proper  amonot 
of  eosin  to  add  may  be  determined  by  placing  a  drop  of  mixture  on 
white  filter  paper,  and  adding  eosin  until  the  blu«  spot  shows  ft  dis- 
tinct halo  of  pink.) 
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The  precipitate  is  collected  on  a  filter,  and,  without  washing,  is 
allowed  to  dry  thereon ;  when  thoroughly  dry,  dissolve  this  precipitate 
in  pure  methyl  alcohol  in  the  proportion  of  three-tenths  of  a  gram  to 
one  hundred  cubic  centimeters  of  alcohol.  This  alcoholic  solutoin  is 
the  staining  Suid. 

HacNeal  >  has  shown  that  hoth  methylene  azure  and  methylene 
violet  participate  in  the  nuclear  staining,  and  that  an  escellent  stain, 
eqnal  to  any,  may  be  made  directly  by  mixing  the  pure  dyes  accord- 
iDg  to  the  following  formula : 

Solution  A,    Methylene  azure 0.3  gm. 

Methylene   violet   (Bemthsen's,   insoluble   in 

water)   O.l 

Methylene  blue   2.4 

Methyl  alcohol,  pure  (Merck's  reagent) 500.0 

Solntion  B.     Eosin,  yellowish,  water  soluble 2.5 

Methyl  alcohol,  pure 500.0  , 

These  stock  solutions  will  keep  for  at  least  a  year.  They  are  mixed 
as  needed  in  equal  parts,  and  diluted  by  the  addition  of  25  c.c,  of 
netiiyl  alcohol  to  each  100  c.c,  of  the  mixture.  The  mixture  will 
keep  for  several  months. 

The  method  of  staining  i^  the  same,  whatever  methyl  alcohol  stain 
be  used.  The  cover  glass  or  slide  is  flooded  with  the  stain,  which  is 
allowed  to  act  for  one  minute ;  next,  as  much  distilled  water  is  added, 
drop  by  drop,  as  the  slide  will  hold,  or  until  a  yellowish  metallic 
scum  is  formed  on  the  surface,  and  the  mixture  is  allowed  to  act 
from  three  to  five  minutes.  A  convenient  staining  dish  is  made  by 
laying  a  pair  of  glass  rods  on  top  of  a  flat  oblong  dish ;  the  rods  may 
be  held  in  place  with  adhesive  plaster  or  perforated  strips  of  wood. 
Fixation  is  accomplished  by  the  undiluted  solution,  but  the  actual 
staining  does  not  occur  until  water  is  added ;  by  repeated  washing  in 
distilled  water,  any  desired  differentiation  may  be  made. 

It  is  sometimes  convenient,  when  searching  for  malarial  parasites 
in  clinical  cases,  to  stain  as  follows :  * 

Use  four  bottles  or  Coplin  jars;  in  the  first,  pnt  the  undiluted 
stain,  and  in  it  immerse  the  slide  for  one  minute ;  in  the  second,  put 
distilled  water  and  transfer  the  slide  to  it  for  four  or  five  minutes; 

'  MaeNeal,  Jour.  lor.  Dis.,  Chicago,  1906,  iii,  412. 

>  RxmM,  F.  P.,  Jour.  Amer.  Med.  Ass-,  Chicago,  1915,  briv,  2131. 
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in  tbe  tbird  jar  put  diluted  Manson's  stain,  about  0.5  c.c.  to  50  c.c. 
water,  and  in  this  the  smear  remains  one-half  minute;  in  the  fonrUi 
bottle  or  tumbler  put  distilled  water,  in  which  the  slide  is  wa^ed 
quickly  and  then  dried.  This  method,  for  the  average  man,  is  more 
economical  and  simpler  than  the  open  method.  Stained  smears  are 
examined  directly  in  immersion  oH  without  the  use  of  cover  glass. 

Manson 's  stain  is  prepared  as  follows: 

Two  grams  of  methylene  blue,  medicinally  pure  (Ilochst),  is 
added  to  100  c,c.  of  a  boiling  5  per  cent  solution  of  borax.  This  stain, 
though  not  permanent,  will  last  a  long  time.  It  is  used  chiefly  for 
the  diagnosis  of  malaria.  It  is  diluted  before  use.  Stain  for  ten  to 
fifteen  seconds. 

When  parasites  are  few,  as  in  latent  malaria,  thick  films  may  bo 
used,  as  first  prtiposcd  by  Ross.  A  large  drop  of  blood  is  spread 
thickly  on  the  side,  with  the  ncfdle  or  pen  used  in  punetnring  the 
ear;  after  drying,  it  is  put  into  (!)  i)5  percent  methyl  alcohol  to  which 
•  1  per  eent  of  hydrochloric  acid  has  been  ndde<l,  until  the  snicnr  lins 
been  hemolized;  (2)  it  is  then  thoroughly  washed  in  running  water, 
(3)  and  then  stained  in  the  usual  way  with  a  methyl  alcohol  slain. 
Although  the  method  takes  considerable  practice,  it  is  a. valuable  pro- 
cedure. 
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ofBesredka,  301 
of  Doerr  and  Ruaa,  302 
of  Friedberger  and  Uartoeh,  303 
of  Gay  and  Southard,  301 
of  Hamburger,  303 
of  Pearce  and  Eisenbrey,  303 
of  V.  Pirquct  and  Schick,  301 
ofRicbet,  301 
of  WolfT-Eisoer,  301 
Auilin  dyea,  influence  of,  upon  bacte- 
rial growth,  140 
Animsl   alkaloids,   45 
Animal  experimentation,  160 
animals  used  in,  169 

cages  for,  173 
autopsies  in,  173 
inoculations  in,  170 
Anopheline.     Bee  Malarial   Moequito 
Antagonism   of  bacteria,   30,  31 
Anthrajt,  563 

bacterial   causation   of,  6 
occurrence  of,  S63 
Anthrax  bacillus,  063 
action  of,  571 
bacilli  resembling,  67S 
BacilluR  anthracoidea.  675 
Bacillus  radicosuB,  575 
Bacillus  subtilis.  57S 
biology  of,  569 
cultivation  of.  500 
early  investigation  of,  603 
experimental   inoculation  with,   671 
immunization  against,  673 

active   (Pasteur's  method),  574 
attenuation  in,  673 
passive      ( Sobernheim'a     method ) . 
S74 
in   milk,   707 
infection  .with,  672 
by  inhalation,  672 
cutaneous,  572 
pulmonary,  573 
spontaneous.  572 
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Anthrax  buillua,   infection  with, 
through  aiimentarf  UAal,  673 
isolation  of,  5SG 
morpholcq^  of,  664 
pathogenicity  of,  570 
prophylaxis  against,  573 
resistance  of,  570  ■ 
staining  of,  5d6 

susceptibility  of  animals  to,  S70 
virulence  of,  570 
Anthrax,  symptomatic,  bacillus  of,  406 
cultivation  of,  465 
imniunizatioD  against.  468 

vacciDCB  used  ia,  468 
morphology  and  staining  of.  46S 
occurrence  of,  405 
patiiogenicitj  of,  460 

autopsy  findings  in,  407 
toxins  of,  407 
Anthropoid     apes,     blood     of,     distin- 
guished  from   human,  237 
Antiaggreseins,  293 
Antiamboceptors,   243 
Aatianaphylaxis,  299,  300 
Antibodies,  197 

experimentation    and    discovery    of, 
197 
agglutinins,  200 
alexin,   198 
anti  ferments,   202 
antitoxin.  108-199 
bacteriolysinB.  200 
cytotoxins.  201 
precipitins,  200 
facts  and  llieories  concerning.  242 
in   sera,   determination   of,   by   com- 
plement  fixation.     See   Comple- 
ment fixation 
to  gonococrus,  385 
Anti  complements,  243 
Antiferments,  202 

Antiformin,   formula   for,  as  given   by 
RoBcnau.  4S3 
in  cxsmination  of  sputum'  for  tuber- 
cle bacilli,  483 
Antigen,  beef  heart  or  guinea-pig  heart 
muirle,  264 
cholenteriniT^ed,  204 


Antigen,  definition  of,  202 

determination  of,  by  complement  fix- 
ation. 271 

for  Wassermann  t«st,  263 
quantity  necessary  for,  206 

Noguchi's    acetone    insoluble    lipoid, 
204 

"sensitization"  of,   241 

preparation  of,  204 
Antihemolytic  action,  243 
Anti  tab.  202 
Anti  lactase,  202 
Antileucocidin,  331 
Anti  peps  in,  202 

Antiricin,   discovery  and   experimenta- 
tion with,  204 
Antiseptics,  inhibition  ittrengtha  of  va- 
rious. 84 

Talucs  of.  determination  of.  80 
table  of,  80 
Antisera,  precipitating,   production   of, 

263 
Antistaphylolysin,  331 
Antlsteapsin,  202 
AntiNtreptococcic   sera.  346 
Antitoxic  sera.  196 
Antitoxin.  198,  109 

diphtheria.   f!ee  Diphtheria  antitoxin 

normal.  205 

production   of.   a   final   t^st   between 

.  toxin  and  endotoxin,  187 

aUbitity  of,  200 

tetanus,    flee  Tetanus  antitoxin 

unit  of.  205 

valeney  of.  tor  toxin,  210 
Antivenin,   198 
ArthroHpores,  10 
AseOHporet,  030.  039 
Ash   in   liacterial  cell,  23 
Asiatic  cholera.    See  Cholera 
Aspergillus,  reproduction   in,  637 
Attenuated  cultures  in  active  immuni- 
zation, 193 
Autoclave,  71 

technical  details  of,  72 

Trillat'a,  87 
Autointoxication,  gastrointestinal,   715 
bacteria  causing,  716 
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Aafointoxication,  gastrointeetinal,  ex- 
perunental  combating  of,  by 
acid-producing  bacilli,  710 
HetchnikolT'B  treatment  of,  by 
means  of  BacilluB  bulgftricus, 
716-717 

AutolyBins,  24S 

Autopsies  of  infected  animals,   173 

Avian    tuberculosis,    bacillus    of.      See 
Tubercle  bacillus,  bacilli  related  to 

Ba^s-Ebkst  granules,  11 
Bacilli,  dipbtheroid,  526 
Bacilli    intermediate    between    typhoid 
and  colon  organisms.  428 
bacterial  correlation  of,  431 
bacilli  of  colon-like  morphology  in, 

433 
bacilli  of  typboid-like  morphology 

in,  433 
non-motile  bacilli  in,  433 
elassi&cation  of,  432 
differentiation  of,  from  typhoid  and 
colon  groups,  428 
by  cultural  characteristics,  428 
by  morphology,  428 
by  motility,  438 
"heterogenous  types"  of,  430 
hog-cholera  bacilli  in,  430 
meat- poisoning  bacilli  in,  429 
Bacillus  enteritidis   in,  426 
Bacillus  icteroides  in,  430 
Bacillus  Morseele  in,  430 
paratyphoid  bacilli  in,  430 
Bacillus  psittacosis  in,  430 
"MUller"  bacillus,  431 
paracolon  bacillus  in,  430 
"Seeman"  bacillus,  431 
pathogenicity  of,  431 
toxic  products  of,  431 
Bacillus,  37 

general  description  of,  9 
"heterogenous  types"  of,  430 
non-pathogenic  type  o(.  430 
Bacillus  aSrogene'a  capsulatus,  471 
and   pernicious   anemia,   177,  474 
classification  nf.  472 
isolation  of.  474 


Bacillus    aj'rogenes   capsulatus,   occur- 
rence of,  472,  474 
pathogenicity  of,  473 

Bacillus  anthracoides,  576 

Bacillus  BVisepticus,  662 

Bacillus  botulinus,  476 
antitoxin  for,   199 
morphology  of,  476 
pathogenicity  of,  477 
staining  of,  476 
toxins   of,   478 

Bacillus  bulgaricua,  use  of,  by  Metch- 
nikoff  for  treatment  of  gastrointes- 
tinal autointoxication,  716-717 

Bacillus  butyricUB,  602 

BacillUH  cloHcs,  465 


Bacillus  coli  c 

agglutinins  for,  390 


in  normal  serum,  397 

bladder  diseases  due  to,  396 

cholera  infantum  attributed  to,  394 

cholera  nostras  attributed   to,  394 

cultivation  of,  390 

diiTerentiation  of,  from  meat-poison- 
ing and  paratyphoid  bacilli,  428 

distribution  of,  391 
in  animals,  392 
in  feces,  177 
in  man,  392 
in  milk,  391 
in  nature,  3»1 
in  water,  698 

immunization  with.  396 

inflammatory  conditions  of  liver  and 
gall-bladder  attributed  to,  396 

isolation  of,  391 

morphology  of.  389 

pathogenicity  of,  393 

peritonitis  following  perforation  at- 
tributed to,  394 

septicemia  due  to,  394 

staining  of,  389 

toxic  products  of,  396 

varieties  of,  3i>7 

Winckel's  disease  in  the  newborn  due 
to,  394 
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Baeilltu   diplitheruB.     Bee    Diphtheria 

bacillus 
Bacilhu  eateritidis,  discoTery  mA  ch&r- 

ftcUrUtica  of,  4Z6 
Bftcillua  fecalis  alkmligenea,  427 

differentiation  of,  from   tj'phoid   ba- 


cilluf 


427 


in   fec«s,   177 
Bftcilliu    Hoffmann!.      Bee    Diphtheria 

bacillus,  bkcilU  aimilai  to 
Bacillus  icUroides,  430 
Bacillus  influenEc.     flee   Influenza  ba- 
cillus 
Bacillus  lactis  aerogenea,  463 

cultivation  of,  453 

morphology  of,  463 

occurrence  of,  453 
in  feces,  177 

pathogenicity  of,  4B4 
Bacillus   leprffi.     See  Lepro^ 
Bacillus  mallei,  528.    Ree  alto  Glanders 

biological  characteristics  of,  630 

cultivation  of,  52S 

immunity  against.  635 

morphology  of,  628 

pathogenicity  of,  630 

bacteriological  diagnosis  in,  632 
in  horses,  530 


in  n 


1,532 


nodules  in,  632 
spontaneous   infection  by,  630 
staining  of,  528 
toxin   uf,   532 
action  of,  533 
diagnostic  use  of,  533 

directions  of  U.   8.  Government 
for,  534 
obtaining  and  preparation  of,  633 
Bacillus    melitensis.      See    Micrococcus 

melitensis 
Bacillus  mesentericus  in  feces,  177 
Bacillus  Morseele,  discovery  and  charac- 
teristics of,  430 
Bacillus  mucosus  capsulatus,  447 
association  of,  with  pneumonia,  450 
eaaociation    of,   with    other    diseases 

of  mucous  linings,  4SO-46I 
cultivation  uf,  448 


Bacillus   mucoBUB   capsulatus,  cultural 
characteristics  of,  449 
Fitzgerald's  work  on  claasificatioii  of, 

450 
immunization  against,  451 
inoculation  of  animals  with,  461 
morphology  of,  447 
pathogenicity  of,  460 
staining  of,  448 
Bacillus  murisepticuB,  642 
Bacillus  ozsene,  462 
Bacillus  peetiB.    Bee  Plague  bacillus 
Bacillus        prodigiosuB,       quantitative 

chemical  analysis  of,  21 
Bacillus  proteus,  456 
Bacillus  proteua  vulgaris,  464,  466 

cultivation  of,  455 
Bacillus  proteus  mirablHs,  455 
Bacillus  proteus  senkeri,  466 
Ttaclllus  proteus  zopfi,  465 
BncilluB  psittacosis.  430 
Bacillus  pyocyaneus,  677 
antitoxin  against,  660 

products  of,  109 
cultivation  of,  577 
favorable  conditions  for,  677 
pigment  in,  578 

fluorescent  variety  of,  679 
pyocyanin  in,  578 
immunization  against.  680 

filtrates  of  old  cultures  in,  680 
pyocyanase  in,  680 
true  toxin  in,  SBO 
morphology  of,  577 
occurrence  of.  in  lesions  and  infltm- 

matory  affections,  678 
pathogenicity  of,  679 
staining  of,  677 

susceptibility  of  animals  to,  680 
toxins  of,  680 
leucocyte-destroying     ferment    in, 

581 
pyocyanase  in,  580 
pyocyanolysin  in,  680 
true,  680 
from  nitrates  of  old  cultures,  680 
virulence  of,  B79 
Bacillus  radicicola,  66 
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Bacillus  radicoBUB,  67 S 

Bai;illua  rhusiopathite,  342 

Bacillus   smegDiatis.     Hee  Smegma,  ba- 

Bacillus  subtiliB,  576 

Bacillus  BuisepticuB,  553 

BacillUB  tetani.     See  Tetanus,  bacillus 

of 
Bacillus  tuberculosis.    See  Tubercle  ba- 
cillus 
BacilluB  typhi  abdominaliB,  309 
Bacillus  tj'phi  murium,  430 
Bacillus  tfpbosus.     See  Tjpboid  fever, 

bacillus  of 
Bacillus    xerosis.     See    Bacillus    diph. 

thpriie.  bacilli  similar  to 
Bacteria.     See  also  Bacterial  cell 

acid  and  alkali  formation  by,  166 

acid'fa»t  stains  for,  104 

action  of,  in  the  hotly,  IR4 

anabolic   or    synthetic   activities    of, 
S4 
in  root  tubercIes^SC 

animal  experimentation  nith,  169 
antagonism  of,  30.  31 
biological  activities  of,  40,  104 
chemical  agents  injurious  to,  73.     Bee 

also  Disinfectants 
classes  of,  182 

bacilli.  0 

cocci,  0 

spirilla.  0 
classification  of,  35 

based  on  organs  of  motilitv,  16 

by  Bail  with  regard  to  aggressins. 
294 

by  Grant  stain,  104 

by  Migiila,  3B 
counting  of,  161 

in  milk,  TIO 
cultivation  of,  141 

by    anaProbic    methods,    14R.     See 
also  Cultivation  of  bacteria 

inoculation  of  media  in,  141 
dead,  in  active  inmmunizntion,  103 
degenerstive  forms  of.  20 
denitrifying,  52 


Bacterja,  destruction  o(.     See  Destruc- 
tion of  bacteria 

differentiation    of,    by    fermentation 
48 

diSBimilar,  bacillus  cloace,  455 
bacillus  mirabilis,  455 
bacillus  proteus  septicus,  465 
bacillus  proteus  vulgaris,  466 
bacillus  proteus  zenkeri,  466 
bacillus  proteus  zopG,  456 
bacillus    probacillus    ligne   faciens 
septicus,  4S6 

enzymea  produced  by,  16S 
di  a  static,  160 
inverting,  160 
proteolytic,  168 

gas  formation  by,  164 

Nre  also  Gas  formed  by  bacteria 

Gram-negative,  104 

Gram,  positive,   104 

in  air.    See  Air,  bacteria  in 

in  industries,  716 

in  milk.    See  Milk,  bacteria  in 

in  soil.     See  Soil,  bacteria  in 

in  tissues,  staining  of,  110 

in  water.    See  Water,  bacteria  in 

incubation  of,  ISS 

Sre  also  Incubation  of  cultures 

indol  production  by,  167 

invasive  powtr  of,  294 

isolation  of,  methods  of,  142 
from  milk,  710 

katabolic  artivities  of,  41-63 
by  bacterial  enzymes  or  fcrmenla, 
42 
varieties  of,  48 
by  denitrifying  bacteria,  62 
by  fat-splitting  enzymes,  47 
by  lab  enzymes,  46 
by  proteolytic  enzymes,  43 

liberation  of  energy  by,  68 

light  production  of,  69 

microscopic    study    of.      See    Micro- 
scopic study 

nitrifying.    See  Nitrifying  bac- 

nutrition  of.  25 

Sec  also  Nutrition  of  bact«ria 
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of,    in   the.  body. 


parasitic,  20 

deflDition  of,  182 
pathogenic,   182 
phenol  production  by,  167 
physical  agents  injuriotia  to,  62 
pigment  formation  by,  5S) 
protoEoa  and,  differentiation  of,  1 
putrefactive,     quantitative    chemical 

analjeie  of,  £1 
reducing  powers  of.  167 
relation  of,  to  moisture,  34 

to  physical  environment,  31 

to  pressure,  34 

to  t^inperature,  31 
relationHliip  of.  to  other  plants,  35 
reproduction  of,  18 

rate  of,  18 

varieties  of,  18 
saprophytic,  29 


denni 


n  of,  1 


size  of.  0 

staining  of,  methods  of,     Hec  Stain 

ing  of  bacteria 
sulphur.     Aee  Sulphur  bacteria 


avuibit 


B  of,  3 


thermal  death  points  of.  33 
variations  in  forms  nf.  10 
virulence  of,  and  intectiouanpss,   183 
virulent,  sublethal  doses  of,  in  active 

immunization,  195 
Bactcriftcesp,   37 
Bacterial  cell,  ash  in,  23 
Bftbea-P.rnMt  granules  in,  U 
capsule  of.  12 
carbohydrates   in.   23 
chemical  constituents  of,  21 

quantitative  analyaia  of,  21 

varieties  of,  21 
fats  in,  22 
globulin  in.  22 
membrane  of,  12 
metachromatic  granules  in,  11 
morpliolnpy  of.  lOO 
motility  of,  13 

Bi 


14 
by  flagella,  14 


Bacterial    cell,    motility    of,   effect   of 
.  temperature  on,  16 
molecular,  14 

nucleus  in,  10 

organs  of  locomotion  of,  13 

cl&sailication  of  bacteria  baaed  on, 
15 
osmotic  properties  of,  23 
permeability  of  membrane  of,  23 
plasinolyais  of,  23 
'  plasmoptyais  of,  24 
polar  bodies  in,  11 
proteids  in,  22 

refractive  index  of  parts  of,  24 
specific  gravity  of  forms  of,  24 
water  in,  21 
Bacterial  enzymes  or  ferments,  42 
action  of,  42 
environmental  conditinoa  ob,  41 
reversible,  43 
similarity  of,  to  ferments  of  epMial- 
ized  cells  of  lugber  plants  and  tuii- 
mala,  43 
Bacterial  filtrates  for  precipitin  t'st'. 

preparation  of,  254 
Bacterial  forms,  variatione  of,  19 
Bacterial  mutation,  38,  39 
Bacterial  poisons,  184 
action  of,  187 
ptomains  and,  185 
resistance  of,  to  chemical  action  anil 

hent,  187 
summary  of,  305 
varieties  of,  185 
endotoxins,  185 
proteins.  190 
true  toxins,  185 
Bacterial  prodilcta  in  active  immunim 

tion.  195 
Bacterial  proteins.  I8« 
Bacterial  spores.  15 
formation  of,  16 
prmination  of,  17 
position  of,  17 
varieties  of,  15 
arfhrosporps.  16 
true,  or  endospores,  16 
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fia«terial  spores,  vpgetntivp  forms  from. 

17 
BacUricidal    action    of    blood    serum, 

224' 
Bactericidal  strengths  of  common  dia- 

infcctants,  S6 
Bactericidal  eiAatonces  compared  witn 

ajiglutiniiii,  231 

Bactericidal  tests.  257 

in  test  tube,  257 

for  typhoid  fever,  268 
technique  of,  26S 
in  vivo,  255-257 
Bacteriemia,  definition  of,  164 
Bacteriological    examination    of    blood' 
cultures.  17S 
choice  of  media  for,  ITS 
resiilts  of,  estimation  of.  160 
technique    of    obtaining    material 
for,  178 
from  tfphoid  patients,  ISO 
of  exudates,  175 
of  feces,  176 

of  material  from  patients,  174 
technique  of  collecting,  174 


of  u 


,  ITS 


of  water,  603 
Bacteriological  examination  of  oysters, 

718 
Bacteriologj',  development  and  scope  of, 

I-S 
Bacteriolfsins,  200 

immune,  225 
Bacteriolytic  tests,  255 
PfeilTer'B  test  in,  266 
determination      of      bacteriolytic 
power  of  aenim  against  a  kmtwn 
microorK&nism  i»  nna  by.  255 
identificatiuD  of  microorganism   in 
known  immune  serum  in  vii-o  by, 
257 
Bacteriotropins,  282,  316 
Bacterium,  37 
Bacterium  termo,  455 
Bacterium  tularense.  662 
Bail,  agressin  theor.v  of,  202 

opposition  to,  203 
Balantidium  coli,  T02 


Rnrsiehow's  medium   for  colon-tj'phoid 

differentiation.  1.38 
Bauer's    modification    of    Wassermann 

test  for  syphilis.  268 
"Bazillenemulsion,"  402 
Beggiatoa,  genus,  36 
Beggiatoaceff,  36 
Berkefeld  filter,  120,  121 
Bile  medium  for  colon-typhoid  differen- 
tiation, 137 
Bile-salt  agar,  MacConkey's,  for  colon- 
typhoid  differentiation,  136 
Bitter  milk,  bacteria  causing,  703 
Black  Deatli,  664 
Black   water   fever,  following  malaria, 

786 
Bladder  diseases  due  to  colon  bacillus. 

306 
"Blaatocystitis  bominis,"  730 
Blastomycetea.     See   Yeasts  and  Yeast 

cells 
Blood,  laked,  225 

the  seat  of  immunizing  agencies,  lOR 
Blood  corpuscles,  red.  in  Ehrlieh's  the- 
ory of  lytic  process  in  blood  serum, 
227 
Blood  cultures,  anaerobic.  180 

bacteriokigical  examination  of,  178 

resultn  of,  estimation  of,  180 
choi<v  of  media  for.  170 
technique  of  obtaining  material  for, 
1TB 
from  typhoid  patients,  180 
Blood  examinations  for  protozoa,  tech' 
nique  of.  TBS 

MacNeal's  stain,  TOT 
Manson's  stain,  T06 
Wriglifs  stain,  706 
Blood  media,  method  of  obtaining,  140 
Blood  serum,  bactericidal  action  of,  224 
Bordet'a  interpretation  of  lytic  proc- 
esses of.  226 


reactivation  of  bactericidal  po^vp^ 
of.  by  normal  serum.  225 

reactivation  of  bacteriolytic  powers 
of,  by  normal  serum,  226 

lytic  processes  of,  224 
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Blood  serum,  normal,  IBS 

Bordet'a   lytic  theory  of  constitu- 
enta  of,  22S 
alexin  in,  225 

"sensitizing  substance"  in,  226 
obtaining  of,  from  animals,  250 

from  man,  2S0 
reactions  with.     See  Serum  reactions 
Blood  seram  reactions,   metbod  of  ob- 
taining, 139 
Bodonidc,  740 
Bollinger,  discovery  of  actinomyces  of 

cattle  by,  622 
Bordet      and      Gcngou,    discovery      of 

whooping-cough  bacilluB  by,  543 
Bordet-Gengou  bacillus,  543 
cultivation  of,  644 

compared    wfth    that    of    influenza 

bacillus,  544 
technique  of.  544-545 
morphology  of,  543 

compared    with   that   of   influenza 
bacillus,  544 
pathogenicity  at,  64S 
staining  of,  543 
toxins  of,  545 
Botulism,  4TT 
Bouillon,    malachite    green,    for   colon- 

typlioid  differentiation.  137 
Bouillon  BItre   (DenvH).  492  ^ 

Bovine    tuberculosis,    bacillus    of.     See 

Tubercle  bacillus,  bacilli  related  to 
Brilliant  green  agar  f»r  typhoid  irnila- 

tion,  136 
Broth  used  for  culture  media,   124 
calcium  carbonate,  120 
glycerin,  123 
moat  extract.  124 
meat  infusion,  124 
nitrate,.  126 
pepton-salt,  126 
sugar-free.  125 
I'schinsky's  proteid-free,   126 
Bruce,  discovery  of  Mnltn  fever  bacil- 
lus by,  550 
Buboes.  548 

Bucliner,    discovery    of    Bacillus    coli 
mis  by.  38!) 


Buehner's  method  of  pfrofiallic  abaorp 
tion    of   oxygen    in   cultivation    •  f 
anaerobic  bacteria,  152 
Wright's  modification  of,  153 
Buerger's  method  of  staining  caimiil---. 

99 
Butter  bacillus,  S02 
nutter,  making  of,  710 
bacteria  aiding,  711 
transmisHion  of  infection  by,  711 
tubercle  bacilli  in,  711 
Butyric-acid  fermentation  in  milk,  702 

Cauavebin.  45 

CagcR  for  animals,  171.  172,  173 

Calcium-carbonate  broth,  126 

Capsule  stains  in  staining  of  bacteria, 

fl« 
Carbohydrates  in  bacterial  cell,  23 
Carbolic  acid  as  disinfectant,  77 
Carbolic-acid  coedicient,  BO 
Carbon  dinxid  formed  by  bacteria,  1S4 
Carbon  In  nutrition  of  bacteria,  26 
Casein,  coagulation  of,  in  milk.  702 
Castelli,  discovery  of  Spirochieta  per- 

tennis  by.  (H4 
Cell -receptors,  three  forms  of.  In  expla- 
nation of  all  known  antibodies 
(Elirlieh): 
haptinen  of  the  first  order.  240 
haptines  of  the  Hccond  order,  240 
haptines  of  the  third  order,  240 
Cellulasc.  49 

Ceratophyllua  fasciatue,  744 
CercomonadidiF,  740 
Cercomonan  hominis.  740 
Charbon.     See  Anthrax 
Chorbon  symptomntique.     See  Anthrax 

symptomatic,  bacillus  of 
Cheese,  making  of,  714 
baetcria  aiding,  714 

pathogenic  organisms  in,  714 
(^hemotaxis.  negative  and  positive,  defi- 
nition of,  277 

non-specille.  291 
Chicken  cholera  bacillus,  562 

cultivation  of,  552 

immunlzntlon  with,  663 
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Chicken    cholera   bacilliu,    morphology 
and  staining  of,  &62 
occurrence  of,  in  animals,  552 
pathogenicity  of,  662 
Chicken-pox,  relation   of,  to  amallpox, 

660 
ChlamydobHcteriaceie,  37,  618 
claHiHcation  of,  618 
morphology  of  various  forma  of,  61S 
Chlamydozoa.  7!I3 

Chloride  of  Itme  aa  dixin  feet  ant,  76 
Chlorine  aa  diainfecUnt.  88 
Cholera,  Asiatic,  583 
diagnoslB  of,  584 
epidemics  of.  S86 
immunization  in,  590 
active,  500 

protective  inoculation  in,  590 
in  animals,  S8T 
infection  in,  697 
pathological  findings  in,  687 
■pi T ilium  of,  582 

biological  considerations  of,  686 

cultivation  of,  583 

diagnoais    of,    by    "cholera -red" 


Dieudonne's  selective  medium  for 
cultivation  of,  684 

Dieudonne's  selective  medium  for 
cultivation  of,  mndifled  by 
Krumwiede  and  Pratt,  584 

hygienic  considerations  of,  588 

in  feces,  177 

isolation  of,  586 
from  feces,  586 
from  water.  686,  694 

morpholt^y  of,  582 

pathogenicity  uf,  586 
in  animals,  587 
in  man,  587 

resistance  of,  686 

spirilla  resembling,  590 
Spirillum  Deneke,  501 
Spirillum  Mnssaua,  501 
Spirillum  Mctchnikovi,  500 
Spirillum      of     Finkler-Prior, 
501 

staining  of,  583 


Cholera,  Asiatic,  apirillum  of,  toxin  of, 
580 
traced  to  milk,  706 
Cholera,  fowl,  bacillus  of,  7 
Cholera   infantum   attributed  to   colon- 
bacillus,.  394 
Cholera    nostras    attributed    to    colon 

bacillus,  394 
Cholera-red  reaction,  684 
Chromo-bacterja,  69 
Chromogenic  Gram-negative  eocci,  387 
Ciliate.     ^c  Infusoria 
Cladothrix,  37,  619 

morphology  of,  618 
Clearing  of  culture  media,  II!) 

by  filtering,  120 

with  eggs,  119 
Clostridium  Pasteurianum,  64 
Coagulins,  236 
Cobra  poison  and  its  antitoxin,  eitptfi- 

mentation  with,  204 
Coccacea,  36 
Cocci,  description  of,  9 
Coccidia,  differentiated  from  plasmodia, 

766 


Colon  bacillus  group,  389 
Colon  teat,  for  analysis  of  water,  698 
Colon-typhoid    differentiation,    media, 
for,  132 

Barsiekow's,  138 

bile,  137 

brilliant  green  agar,  136 

Conradi-Drigalski,  134 

Endo's,   134 

Hease'e,   133 

Hisa'  plating,  133 

Hiss'  tube,  133 

Jackson's  lactose-bile,  137 

Kendall's  modification  of  En^tf'- 

MaoConkey's  bllesalt,  I3« 

malachite  green  bouillon.  137 

neutral-red,  136 

Russell's  double  sugiar  a'ri\'    '' 
Colon-typhoid -dysentery   group.    1.  .    . 

of,  388 
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I'olon-typhoid-dyeenteiy   group,  bacilli 

of,  character! Btics  of,  388 
Colonie.s  in  agar,  146 
Colony- fishing,  148 
'Colony  xtudy  of  bacteria,  161 
Color  indicator  in  titration.  117 
Comma  bacillus,    fire  SpiTillum  cholerz 

Complement,  deviation  of,  246 
divisiun  of.  inio  fractions.  -J45 
flltration  of,  244 

fixation  of.     Sre  Complement  ligation 
further  factx  and  tlicorica  concerning, 

242245 
in   Ehrlich'H  theory  of  lytic  process 

in  blond  Hcrum,  22S 
in  normal  btmid  serum,  226 
inhibition  of.  245 

multiplicity  of.   in   normal  sera.  243 
quantitative  reJationBhlp  between  am- 
boceptor and,  24 S 
Complement  Hxation.  action  in,  246 
hy  precipitates,  245 
determination  of  antigen  bj,  in  serum 
react i on R.  271 

of  antibodies  in  aera  by,  261 

principles  of,  261 

reaction  in,  201 

Wasscrmsnn    test   for.     Sec    Was- 
sermann    test    for    diagnosis    of 

in  glanders,  6^5 

in  tuberculosis,  494 

proteid  different  in  t  ion  by,  273 
Complementoidn,  244 
Cnnjunetivitr  snhaigne,  545 
Conradl-Drigaliki    medium,    for   colon- 
typhoid  differentiation.  134 

isnktinn  nf  typhoid  bftcilluK  in  stools 
by,  4(18 
Cotton  used  in  filtering  culture  media, 

120 
Counting  of  bacteria.   161 
Cowpox,  relation  of,  to  smallpox,  fi.^ft 

use     of.     in     immunization     against 
KRiallpox,  659 


lothri: 
Creolin,  7S 


,  37 


Cultivation  of  lHU!l«ria,  anaerobic,  t4S 
by  absorption  of  oxygen  by  pyro- 
gallic  acid  in  alkaline  solu- 
tions,  f52 
Buchner's  method,  162 

Wright's     modification     of, 
153 
combined    with    air    exhaustion 
and  hydrogen  replacement,  153 
on  agar  slants.  153 
without  use  of  hydrogen,  155 
by  displacement  of  air  with  hydro- 
gen, 151 
by  mechanical  exclusion  of  air,  I4S 
Esmarch's  method,  149 
fluid  media  covered  with  oil,  150 
Liborius'  method,  149 
Roui's  method,  149 
Wright's  method,  150 
Zinsser's  apparatus  for,  166 
colony  study  in,  161 
counting  of  bacteria  in,  161 
incubation  in,  168 
See  also  Incubation  of  culturei 
Culture  media,  124 
agar  for,  127 

lactose-litmus,   129 
meat  extract,  127,  135 
meat  infusion,  128 
blood  for,  140 
blood  serum  for,  139 
broth  ior,   124 

calcium  carboTiate,  I2S 
glycerin,  126 
meat  extract,'  124 
meat  infusion,  124 
nitrate,   126 
pep  ton  salt,  126 
Hti)i:Br-free,  125 
I'sehinsky'a  proteid-free,  126 
clearing  of,  119 

by  filtering  through  cotton,  120 
through  paper,  121 
with  eggs,  110 
Dorsctt  egg,  130 

enriching  substances  used  in.  138.  131) 
fluid,  covered  with  nil.   in  anaSrohic 
cultivation  of  bacteria,  160 
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Culture   media,    for   colon-typhoid   dif- 
ferentiation, 132 
g]as8nr«re  preparation  in,  113 
gljecrin  for,  128 
ingredients  of,  1  IS 

choice  of,  116 
lactose  Htmus-agar,  120,  134 
litmua  millc,  130 
milk,  130 
potato  for,  130 
glycerin,   130 
preparation  of,  113 
general  technique  of,  113 
process  of,  124-140 
reaction  of,  119 
Kriun,  131 
Hiss'   serum   water,  for   fermenta' 

tion  tests,  132 
LoetOer's,   131 
slanting  of.  123 

special,  132 
sterilisation  of,  121 
Qltration  in,   122 
heat  in.  121 
titration  of,  117 
color  indicator  in,  117 
process  of,  117 

for  alkaline  media,  US 
reaction  of,  117 
adjuBtment  of,  119 
tubing  of,  121 
Cultures,  attenuated,   in  active   immu- 
nization, 193 
Cultures,   incubation   of.     See   Incuba- 
tion of  cultures 
Cj-tase,  270 
Cytoryctes  variol*,  688 
Cytntoxins,  201 
specific,  injury  to  organs  by,  201 

DABK'FtBLD  Condenser,  607 

Decay,  action  of,  44 

DefensiTe  factors  of  animal  organism, 

ISO 
Dpgenerative  forms  of  bacteria,  20 
Delhi  coil,  organism  of,  75S 
Denitrifying  bacteria,  52 

activities  of,  53 


Denitrifying    t>acteria,    occurrence    af„ 

63 
"Derrengttderaa  de  ?aderaa,"  747       ,-. 
Destruction  of  l>acteria,  02 

by  chemical  agents,  73  , 

See  alio  DisinfectantB 
gaseous,  SS 
in  solution,  73 
inorganic,  73 
organic,  77 
by  physical  agents,  V2 
drying,  62 

electricity,  Ofi  , 

heat,  65 
light,  63 
Diarrheal  diseases  traced  to  milk,  70S 
Diastase.     Sen  Amylase 
Differential   stains  in  staining  of  bac- 
teria,  102 
Diphtheria,  tracing  of.  to  millc,  705 
Diphtheria  antitoxin,  216 
anaphylaxis  in  injections  of,  290 
determination     of     presence     of,     in 

blood,  by  Shick  reaction,  S20 
normal,  205 
production  of,  216 
horses  used  in,  216-217 
individual,   by   injection   of   tokin- 

antitoxin  mixture,  527 
teclinique  of,  217 
toxin  for,  218 
stable,  208 

standardization  of.  218 
concentration  and  purifying  in,  210 
technique  of,  218 
unit  for.  205 
Diphtheria  bacillus,  612 
bacilli  similar  to.  523 
Bacillus  Hoffmanni,  523 
cultivation  of.  524 
morphology  of,  523 
staining  of,  524 
Bacillus  xerosis,  524  ' 

cultivation  of,  62S 
dilTerentiation   of,   from   other  ba- 
cilli. 525 
other  bacilli,  &2S 
biological  characteristics  of,  615 
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Diphtheri*  bacillus,  eultiTatiou  of,  516 
degenerative  formB  of,  19 
detenni nation  of  virulence  of,  619 
differentiation  of,  from  other  formB, 

107,  523  et  acq. 
grouping  of,  516 
isolation  of,  617 
morphology  of,  613 

"ground"  type  in,  6U 
occnrrence  of,  in  body,  518,  619 
pathogenicity  of,  618 

in  animals,  519 

"peeudo*membranea"  in,  S18 
resistance  of,  516 
stainii^  of.  674 

Gram's  method  of,  507 

polar  or  Babes- Emat  bodies  in,  614 
Neiswr's  stain  for,  614 
Roui's  stain  (or,  510 
toxEn  of,  620.     Set  aUo  Diphtheria 

ehemics]    and    physical    properties 

of,  521 
production  of,  520 

media  on  ploy  ed  in,  520 
Park-Williams  Bacillus   No.   8   in, 

620 
resistance  of,  622 
Diphtheria  carriers,  622 
Diphtheria    toxin,    analysis    of    ( Ghr- 
lleh),  206-215 
taetbod   of   partial   absorption    in, 

209 
ride-chain  theory  of,  212 
summary  of,  215 
constitution  of   (Ehrlich),  210 
graphic  form  of   (Ehrlich),  211 
views  of  Arrhenius  and  Hadsen  on, 
212 
epitoioid  in,  208 
molecule  of,  haptophore  Rroup  in,  207 

toxophore  group  in,  207 
neutralized,      active      immunization 

with,  627 
normal  solution  of,  206 
partial  absorption  of,  209 
standardization  of.   Limes  death  in. 


Diphtheria    toxin,    standardiEation  of. 
Limes  Eero  in,  £07 

time  chaises  in,  306 
toxoid  form  of,  207 

protoxoids  in,  209 

syntoxords  in,  209 
toxon  in,  209     - 
unit  for,  205 
Diphtheroid  bacilli,  526 
Diplocoecus  gonorrhme,  380 
antibodie<  to,  385 
cultivation  of,  381 

conditions  favorable  tu,  383 

Wertheim's  medium  for.  381-382 
differentiation  of,   from   Micrococcus 

catarrhatis,  386 
earl;  work  in,  380 
infection  by.  in  man,  384 
morphology  of.  380 
Pappenheim-Saathof  stain  of,  3S1 
pathogenicity  of,  in  animals,  384 

resistance  of,  383 
staining  of,  381 
Diplocoecus  lanceolatUB.     See  Diplocoe- 
cus pneumonia) 
Diplocoecus  mucOBUB,  387 
Diplocoecus  pneumonic,  352 
cultivation  of,  356 
differentiation  of,  from  streptococcus, 
367,  367 
cultural,  3e» 
morphological,  367 
by  bile  test,  370 
by  eapBule,  368 
by  fermentations,  369 
by  grouping,  367 
by  growth  in  blood  media,  367. 

370 
by  shape,  367 
immunization  against,  362 
active,  methods  of,  363 
agglutinins  in  immune  sera  in,  363 
Ubie  of,  304 
technique  of,  366 
preripitins  in  immune  sera  in.  3Fj 
passive,  with  immune  sera,  3fi5 
isolation  of,  368 
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Diplococcufl   pneumonife,   modes   of    in- 
oculation with,   381 
morphology  of,  S63 
capBules  in,  363-364 
lancet^hape  of  cocci  In,  3B3 
pairing  of  cocci  in,  3S3 
pathogenicity  of,  369 
pneumonic  complications  and,  362 
resietance  of,  368 
ataining  of,  356 

Buaceptibility  of  animals  to,  370 
toxic  products  of.  302 
treatment  of,  307 
virulence  of,  369 
in  animals,  3S9 
in  man,  3M 
Disinfectants.  73 

bactericidal  strengths  of  common,  6S 
gaseoUR,  S8 
chlorine.  98 

formaldehyde,  S9  ' 

oxygen,  68 
oKonc,  88 

sulphur  dioxide,  88 
testing  of  efficieacy  of,  7ft 

by    IT.    R.    Public    Health    Service 

method,  80 
carbolic-acid  coefficient  in.  80 
determination  of  antiseptic  values 
in,  S3 
of  disinfectant  values  in.  8S 
table  of,  85 
factors  in,  79 
used  in  solution,  73 
inorganic,  73 

acids,  bases,  and  salts,  74 
halogens  and  derivatives,  7B 
chlorid  of  lime,  70 
tetrachlorid  of  iodin,  70 
hydro((en  peroxld,  76 
potassium  permanganate,  70 
organic,  77 
alcohols,  77 
carbolic  acid,  77 
cresol  group,  78 
essential  oils,  78 
formaldehyde.  78 
iodoform,  77 


Disinfection,  practical,  80 
of  feces,  87 
of  bands,  87 
of  instruments,  87 
of  linen,  etc.,  87 
of  rooms,  etc,  8S 
of  sputum,  87 
of  urine,  87 
Dissociation,  electrolytic,  74 

relation    between    degree    of;    and 
bactericidal  powers  of  solutions, 
74 
DoTsett  egg  medium,  130 
Dourine,  chemical  course  of,  748 
diagnosis  of,  by  eomplement-&xation, 

74» 
tranai 


',  748 


Drying  in   destruction  of  bacteria,  re- 
sistance to,  62 

DTN'M^'u,  definition  of,  206 

Ducrey  bacillus,  547 
cultivation  and  isolation  of,  548 
discovery  of,  548 
infection  with,  547 
pathogenicity  of,  S49 

Dysentery,  amebic.     Bee  Amebic   Dya- 

Dyaentery,  autopsy  findings  in,  442 
occurrence  of,  442 
symptom  a  of,  442 
Uyaent«Ty  bacilli,  435 

bioli^ical  consideration  of.  441 
dilTerentiation  of,  by  Hiss,  through 
agglutination  tests,  440 
through  fermentation  testa,  439 
immunization  with,  444 
active,  444 

agglutinins  in,  444 
bactericidal  aubstaneea  in,  444 
true  toxina  in,  446 
passive.  446 
in  feces,  178 

investigation  of,  by  Flexner,  430 
by  Hiss  and  Russel),  438 
by  Kruse,  437 
by  Lcntz.  438 
.  by  Martini  and  Lents.  438 
by  Obno,  439 
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DjBpntery  baeiDi,  investigation   oS,  by 
Park  aad  Carey,  439 

by  Park  and   Dunham,  438 

by  SliigH,  435 

by  SpruDck,  437 

by  Strong  and  MufgraTe,  436 

by  Vedder  and  Duval,  437 
pathogenicity  of,  441 
paifudo-dyaenterj    bacillus   ami,   437. 

43S. 
Sbiga'a  bacillus  in,  436 

cultural  cliaracterjaticB  of,  436 

morphology  of,  435 
toxic  products  of,  442 

aclion  of,  on  animals,  443  . 

obtaining  of,  from  cultures,  442 
"Y"  bacillus  in,  43S 

Ebebth,  discovery  of  typhoid  bacillus 

by,  309 
Edema,    malignant,    bacillus   of.      8ee 

untler  Malignant  edema 
Epl-blood  aerum.  toxic,  205 
Kgga   used    in  clearing  culture   media, 

119 
Ehrlifh'B  anelyals  of  diphtheria  toxin, 

2<)3-2l5.     Sfe  aUo  under  Diphtheria 

Riclisb^t,     discovery    of    Microeporon 

furfur  by,  639 
Electricity   in   destnietion  of  bacteria, 
*      05      - 
Eli-ctrolytic  dissociation,  74 

relation  between  degree  of  and  bac- 
tericidal powers  of  tuilutions,  74 
Eluer  and  ITuntoon,  discovery  of  pseu- 

ilomerigocriceUH  by,  379 
Sinner's    potato-extract    gelatin,    isola- 
tion of  typhoid  bacillus  in  stools  by, 
407 
Emphysematous  gangrene,  isolation  of 
Bacillus   aSrogenes   capsulatus   from, 
474 
Endameba,  723 
forma  of,  723 

Endami'bn  afrieana,  731 
EndamelA  coli,  735 
morplioh)gy  of,  734 


Endameba,    forma   of,    Endiuneba    coli, 
multiplication  of,  735 
nature  and  occurrence  of.  734 
pathogenicity  of,  736 
size  of,  734 
Endametu  gingivalis,  736 
cyst  formation  of,  734 
morphology  of,  736 
occurrence  of,  736 
pathogenicity  of,  736 
site  of,  736 
Endameba  histolytica,  725 
as  cause  of  dysentery,  126 
cyat  formation  of,  731 
degenerative  forms  of.  731 
morphol(^y  of.  739 
pathogenicity  of,  726 
Endameba  tetragena,  731 
pathogenic  hiatory  of,  726 
Endolysins,  291 

Endo's    fuchsin<agu,    isolation    of    ty- 
phoid bacillus  in  stools  by,  409 
Endo's  medium,  for  colon-typhoid  dif- 
ferentiation, 134 
Harding  and   Ostenberg's  method   of 

preparation  of,  136 
Kendall's  modiHcation  of,  13& 
Kndospores,  16 
Endotoxins,  1H5,  .306 

compared  with  pigments,  186,  309 
of   Staphylococcus   pyogenes   aureus, 

328 
of  Streptococcus  pyogenes,  34S 
summary  of.  30G 
toxins  distinguished  from,  ISO 
Environment  and  bacteria,  31 
Enzymes,  definition  of,  42 
katalyzers  and,  analogy  between,   42 
produced  by  bacteria,  168 
diaatatic,   169 
inverting.  169 
proteolytic,  168 
varieties     of.      See      under     apecifle 

Epitoxoid  in  toxin,  208 
Erlenmeyer  flask,  lU 
Eschericli,  discovery  of  Bacillus  lacKs 
oerogenes  by.  463 
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Eamarch  roll  tubes  in  isoktinn  of  bac- 
teria,  147 
Esmarch's  method  of  anaerobic  cultiva- 
tion of  bacteria,  149 
Eaeentiftl  oils  as  disiDfectants,  78 
Emnycetes.     See  HyphomyceteB 
Exudates,    bacteriologiral    examination 
of.    See  Bacteriological  examination 


Faciiltatiye  airobea,  26 
Facultative  ana«robea,  26 
Farcy,  531 

Fat-splitting  enzymes,  47 
action    of,   method   of    investigating, 

47 
varieties  of,  47 
Fats  in  bacterial  cell.  22 
Favua,  642 

Feces,   bacteriological   examination   of. 
170 
disinfection  of,  87 
number  of  bacteria  in,  176 
varieties  of  bacteria  in,  177 
Fermentation,  alcoholic,  51 
in  millc,  702 
butyric-acid,  in  milk,  702 
enzymes  of,  48,  62 
in  development  of  bacteria,  2V 
inversion  in,  42 
lactic-acid,  50,  701 
process  of,  48 

tests,  serum  media  for,  132 
Filtering,  in  clearing  of  culture  media, 
102 
through  cotton,  120 
through  paper,  121 
in  sterilization  of  culture  media,  122 
Filters,  varieties  of  i 
Berkefeld,  120,  121 
Kitaaato,  123 
Maassen,  124 
Beichel,  122 
Filtrable   table   compiled   by   Wolbacli. 

682 
Filtrable  virus,  681 

Filtration  of  immune  bod^  aqd  comple- 
ment, S4S 


Fishing,  colony,  146 
Fixation  of  complement,  action  in,  247 
by  precipitates,  245  , 

"Fixato'r,"  279 
Flagella,  arrangement  of,  15 
structure  of,   14 

varieties  of,  14  , 

Flagella  stains  ia  staining  of  bacteria, 

100 
Flagellata.    See  Mastigophora 
Florence  flask,  114 
Fluid  media  covered  with  oil,  used  in 

cultivation  of  bacteria,  150 
Foot-and-mouth  disease,  080 
etiological  factor  of,  681 
immunity  in,  681 
in  milk,  706 
pathology  of,  680 
transmission  of,  680 
Formaldehyde  as  disinfectant,  78,  89 
generation  of,  by  breaking  up  solid 
polymer  with  heat,  91 
by  Brealau  method,  90 
by  direct  evaporation,  80 
by  glycerine  addition,  90 
by  lime  method,  91 
by   potassium -permanganate  meth- 
od, 92 
by  Trillat  method,  89 
gauging  amount  of  formalin  in,  92 
Trillat  autoclave  for,  89 
Fractional  sterilizatinn.  70 
at  high  temperatures,  70 
at  low  temperatures.  71 
Framlxcsia  tropica,  Hl-1 
Friedliinder,  discovery  of  Rncilhis  mu- 

cosus  capaulatus  by.  447 
Friedlilnder  bacillus.    Hec  Bacillus  mu- 
eosus  capsulatits 

.  Frisch,  discovery  of  Bacillus  of  rhi- 
noscleroma,  451 
Fumigation.     See  Disinfectants,.  Disin- 

fwtion 
Fusiform  bacilli,  614 
from  carious  teeth,  613 
from  noma,  014 
from  scurvy,  614 
of  VinceDt'g  angiiut,  61S  , 
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Gawkt,  discover;  of  UicrococcUH  tetra- 

genua  hy,  334 
Glrbier,  discovery  of  Bacillus  euteri- 

tidis  by,  429 
Goa  bacilluH  infectiosB,   in  eoldiera   id 

tranches,  474 
Gas  formed  liy  bacteria   164 
analyais  of,  IM 
carbon  dioxid  in,  164 
hydrogen  in,  166 
bydrogen  sulpbid  id,  16S 
quantitative,  106 
Oas-pressure  regulators  for  incubators, 
160 
Moiteeaier'a,  160 
GaatrointeBtinal  autoiutoxication,  710 
bactrria  causing,  715 
experimental  combating  of,  by  acid- 
producing  bacilli,  716 
Metchnilioff'a  therapy  of,  by  means  of 
Bacillus  bulgaricUB,  716-717 
Gelase,  4B 
Gesaard,  discovery   of   Bacillus  pyocy- 

sneua  by,  676 
Glanders,   bacteriological   diagnosis   of. 
632 
complement  fixation  in,  S35 
immuifity  in,  636 
in  horses,  630 
acute  form,  630 
chronic  iorm,  531 


in  D 


I,  S32 


nodules  of,  G32 

epoDtaneous  infection  in,  630 

Glanders  bacillva.     fee  Bacillus  mal- 
lei 

Globulin  in  bacterial  cell,  22 

GloBsina  morsltana,  754 

GloBsina  palpulis,  762 

Glycerin,  use  of,  for  culture  media,  126 
meat  extract,  126 
meat  infusion,  127 

Glycerin  broth,  126 

Glycerin  potato,   130 

Gonococcua.    Bee    Diplococcus    gonor- 

G ram-negative  bacteria,  104 
Gram-negative  cocci,  chromogi^nic,  3R7 


Gram-negative  micrococci,  table  of  di- 
agnosis of,  by  differential  value  of 
sugar  fermentation,  387 

Gram-positive  bacteria,  104 
in  feces,  177 

method  of  etaining  in  tissue  sections, 
III. 

Gram-Weigert  method  of  staining 
gram'poaiUve  bacteria  in  tissue  sec- 
tions, 111 

Oram's  method  of  staining  bacteria,  102 
cinasillcation   of   pathogenic  bacterid 

by,  104 
Paltauf's  modifleation  of,  103 
Sterling's  modification  of,  103 

Group  agglutination,  234 

Gruber-Wida]  reaction,  251 

Gruby,  discovery  of  Trichophyton  ton- 
Hurnns  by,  643 

Guarnieri's  medium,  Welch's  modifica- 
tion of,   129 


Haematopikus  SnHCLOBVS,  744 
IJalogene  as  disinfectants,  75 
Kalteridium.    See  Hemoproteus  colum- 

"Hanging  block"   method   in   study    of 

bacteria,  94 
"Hanging  drop"   method    in    etudy    of 

bacteria,  93 
Hansen,  discovery  of  lepra  bacillus  by. 

806 
Haptophore  group  in  toxin  molecule. 


in  toxon  molecule,  209 
Haptophore   groups 


bCKly, 


complementophile,  228 
cytophile,  228 
Hauser,   discovery   of   Bacillus  prot«us 

vulgaris  by,  454 
Heat,  in  destruction  of  bacteria,  65 
dry  and  moist,  comparison  of,  06 
effect  of  various  degrees  of,  85 
moist,  advantages  of.  66 
penetrsting  power  of,  67 
in  eterilixation  of  culture  medim,  121 
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llrnt  Hterilization,  6S 
dry,  68 

by  burning,  6S 

by  hot  sir,  08 
moist,  09 

by  boiling,  OB 

by  fractional  at«riliEation,  TO 

by  live  steam,  00 

by  eUam  under  pressure,  71 
Hektoen  and  Kuediger  on  structure  of 

opsonins,  283 
Hemagglutining,  235 
Hematogen,  536 
Hemolysin,  immune,  226 
Hemolysins  of  Staphylococcus  pyogenes 

of  Strpptococcus  pyogenes,  344 
specificity  of,  248 
varieties  ofi 
Butoiysins,  248 
heterolynins,  248 
isolysins,  248 
Hemolysis,  201,  225 
Hemolytic  eerum,  205 
Hemolytic  teats,  259 

obtaining  blood  for,  2S9 
in  large  quantities,  2fl0 
in  small  quantities,  269 
standard  concentration   of  red  blood 
cells  for,  250 
Hemolytic  unit,  ditflnition  of,  265 
Hemoproteus  columbie,  form  and  devel- 
opment of,  761 
invert^rate  boat  of,  701 
life  history  of,  703" 
occurrence  of,  701 
Hemoproteus  noctuip,  750 
Hemoproteus  Kiemani,  761 
Hemorrhagic  septicemia  bacilli,  S61 
morphology  of,  661 
staining  of,  661 
varieties  of: 

bacillus  of  chicken  cholera,  552 
Bacillus  pestis,  554 
bacillus  of  swine  plague,  568 
Hemosporidia,    form    and    development 
of,  Tfil) 
hemoproteus  columba.  701 


Hemosporidia,  pinoplasmidn,  767 
proteoaoma     ( plasinodluin )     pracox, 
763 

Hepatotoxin,  201 

Herpetomonada,  T5S 

Hease's  medium  for  eolon-typbold  dif- 
ferentiation, 133 

HeterolyiiDB,  248 

Hides,  tanning  of,  bacteria  in,  720 

Hiss'  agar'gelatin  medium,  isolation  of 
typhoid  bacillus  in  Bt4Ml«  by,  407 

Hiss'    leucocyte    extract    theory    and 
therapy,  289 

Hiss'  methods  of  staining  capsules,  98 

Hiss'   platii^  media  for  colon- typhoid 
differentiation,   13<1 

Hiss'   tube   medium   f6r   eolon- typhoid 
■differentiation,  193 

Hias'  serum  water  media  for  fermenta- 
tion tests,  132 

"Hog■^;holera"  bacilli,  430 
differentiation  of,  from  swine  plague 
bacillus,  664 

HSgyes,  dilution   method  of,  in  treat- 
ment of  rabies,  050 

Horse  meat,  detection  of,  by  precipitin 
tesU,  264 

Horses    used    in    production    of    diph- 
theria antitoxin,  216-217 
of  tetanus  antitoxin,  221 

Howard     and     Perkins,     discovery     of 
Streptococcus  mucosus  by,  350 

Huntson's  method  of  ataining  capsules, 

Hydrocyanic    gas,    destruction    of    ro- 
dents by  fumigation  with,  92 

Hydrogen,    formation   of,   by   bacteria, 
165 
in  nutrition  of  bacteria,  28 

Hydrogen  peroxid  as  disinfectant,  76 

Hydrogen  aulphid  formed  by  bacteria, 
1S5 

Hydrophobia.    Bee  RabiM 

Hypersusceptibility.     See  AnapbTlwcis 

Hyphomycetes,  636 

conditions   favorable   ti>   growtk    of. 


638 


disc 


a  caused  by,  639 


fligitized  by  Google 


INDEX  OF  SUBJECTS 


llyphomycetei,  diseBsra  causpd  by,  /»■ 
vus,  042 
pityriaBiB  versicolor,  639 
ringworm,  643 
thrUHh,  040 
disenHee  sometimes   accompanied  by, 

044 
monilia,  641 
morphiiloKy  of,  636 
reproduction  of,  636 
mycomycetes  in,  638 

Aspergillus  variety  in,  637 
Peniciilium  variety  in,  637 
Bporuiation  by  other  methodB  in, 
«37 
phycomyeeteB    in,    Muoorin«    vari- 
tty  of,  635 
Bexual  reproduction  of,  636 
structural  classification  of,  636 
varieties  of,  635 
myeomycetes,  636 

morpholofiy    of     (typical),    635, 
036 
asens pores  in,  636 
conidia   (or  aporefl)   in,  63B 
conidinphores  in,  637 
byphfll  branches   (septate)   in, 

837 
mycelial  threads  (septate)   in, 

637 
steri^ata   (septate)    in.  037 
morphology     of     (less     frequent 
forms  of),  637 
a)i..'<Mipore«  in.  637 
ehlamydonpores  in.  636 
phycdmyeeten,  635 

morphology    of    (typical),    635- 
630 
rolnmella  in,  636 
hyphal  branches  in.  636 
i' "  mycelial  threads  (non-septate) 


Rporangin 


,  6.16 


morphiilogy  of  sexual   re] 
-ticm  forms  of.  036 
(fBnietnphores  in.  638 
lygimporps  in,  636 


"Immune  body"  in  blood  serum,  226 
in  Ehrlich's  theory  of  lytic  process  in 
blood  serum,  226 
haptophore  groups  of,  228 
complementophile,  22S 
cytophile,  226 
Immunity,  absolute,  100 
acquired,  192 

definition  of,  190,  192 
active,   1S3 
artificial,  193 
definition  of,   193 
experimentation    with    attenuated 
cultures  tor,  193 
with  bacterial  products  for.  195 
with  dead  l>act«ria  for.  195 
with  sublethal  doses  of  fully  vir- 
ulent bacteria  for,  196 
definition  of,  160 
natural.   190 
individual,  191 
of  races,  191 
of  species,  190 
passive,  198 

relation   of,   to   phagocytotic   powers 
in  animals,  279 
Immunization,  active,  with  neutralized 
diphtheria  toxin.  527 
bloM  the  seat  of,  198 
Incubation  of  cultures,  166 
incubators  in,  168 
gas-pressure  regulalors  for,  160 
thermo- regulators  for,  160 
Tndigo  production,  bacteria  in.  720 
Individual  immunity,  191 
in  higher  animals,  192 
in   lower  animals,    191 
Inilol  production  by  bacteria,  167 
Industries,  bacteria  in,  719 
Infantile    splenomegaly,    oi^nism  of. 

758 
Infection,  definition  of,  181  j 

fundamental  factors  in,  181 
paths  of,   163 
inner,   184 
outer,  183 
Infectiousness,  definition  of.  162 
due  to  number  of  bacteria,  182 
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Infectiousness,    due    to    variations    in 

virulence,  183 
Influenza,  epidemic  of,  in   1689-90,  636 

organs  attacked   in,   640 
Influenza  bacillus,  636 
bacteria  related  to,  641 
Bacillus  murisepticus,  642 
bacillus  of  pi  euro- pneumonia,  642 
Bacillus  rbnsiopathic,  942 
Kocb-Weeks  bacillus,  542 
pseudo- influenza  bacillus,  541 
biology  of,  640 

isolation  and  cultivation  of,  637 
on  agar  and  gelatin,  637 
blood  added  tn,  637 
hematogen  added  in,  63S 
morphology  and  staining  of,  S36 
pathogenicity  of,  S40 

in  experimental  inoculation  of  »»!■ 

mala,  541 
organs  attacked  in,  640 
suaceptibility  of  animals  to.  641 
Infusoria,  balantidium  coli,  792 
chlamyJozoa,  793 
claases  of,  792 

distinguishing  feature*  of,  792 
Inhibition,  coefltclent  of,  80 
Inhibition  strengths  of  various  antisep- 
tics, 84 
Inoculation  of  animals,  170 
intraperitoneal,  172 
intravenous,  172 
subcutaneous,  171 
Inoculation  of  media,  141 
technique  of  transferring  bacterift  in, 

141 
vims  used  In  transferring  bacteria 
in,  141 
Insusceptibility    of    cold-blooded     ani- 
mals, 190 
Intravital    method'    of    Nakanishl     in 

study  of  bacteria,  94 
Inulin  media,  132,  360 
Invasion,  paths  of,  183 
inner.  184 
outer,  183 
Inversion  by  fermentation,  42 
Invertase,  49 


Iodoform  as  disinfectant,  77 

lodin,  tetrachlorid  of,  as  disinfectant, 

7a 

tincture  of,  for  skin  aterilization,  76 
Iron  compounds  in  nutritiim  of  bM- 

teria,  29 
Iso-a^lutinins,  261 

table  for,  261 
Isobemolysins,  261 
Isolation  of  bacteria,  142 

early  methods  of,  143 

present  methods  of,  143 
Gimarch  roll  tubes  in,  147 
Koeb's  plates  in,  144 
surface  streaking  in,  I4S 
Isolysins,  248 
Israel,  discovery  of  actinomycee  of  m*n 

by,  622 


jACKSO^t's  lactose>bile  medium  for  co- 
lon-typhoid differentiation,  137 

Jenner's  discovery  of  immuniiation  in 
smallpox  by  t 


Kala-azab,   due  to   leishmanla   dona- 
vani,  757 

symptoms  of,  767 
Katalyeers,   deflnition   of,  42 

enzymes  and,  analogy  between,  42 
Ketyr,  702 

Kendall's  modification  of  Endo's  medi- 
um for  coloD-typhoid  differentiation, 

136 
Kitasato,  discovery  of  Bacillus  tetani 
by,  466 

discovery  of  plague  bacillubby,  664 
Kitasato  filter,  123 
Klebs,  discovery  of  diphtheria  bacillus 

by,  612 
Koch,  discovery  of  cholera  spirillum  by, 
582 

discovery*ot  tubercle  bacillus  by,  470 
Koch  plates  In  isolation  of  bacteria, 

144 
Koch-Weeks  bacillus,  642 
Koumys,   702 
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L+,  definition  of,  208 

Ld,  deBDition  of,  207 

Lftb  enzymes,  46 

LdcUse,  60 

Lactic-acid  bacilli  in  therapy  of  gastro- 

inteBtioa)  autointoxication,  716 
Lactic-acid  fermentation,  60 
bacteria  of,  SO 
in  milk,  701 
Lactose-bile     medium,     Jackson'e,     for 

colon-typhoid  differentiation,   137 
Lactose-litmus  agar,  120 
Laked  blood,  226 
T^mblis  intestinalie,  739 
Langenbeck,   discovery  of  Oldium  albi- 
cans by,  640 
LautenscbUger's  tbermo -regulator,  158, 

169 
Leishmania,  7SS 
I^tshmania  braziliensia,  769 
Leishmania    donovani,    animal    patho- 
genicity of,  758 
ae  cause  of  Kala-azar,  757 
morphology  of,  767 
transmiaBion  of,  758 
Leighmania  infantum.  759 
Leiahmania  nilotica,  750 
Leishmania  tropica,  768 
Leprolin,.  602 
Leprosy,  506 
bacillus  of,  602,  606 
cultivation  of,  600 
by  Clegg,  506 
by  Duval,  506 
differentiation  of,  from  tubercle  ba- 
cillus by  staining,  106.  506 
inoculation  with,  507,  500 
morphology  of,  505 
occurrence  of,  in  body,  608 
pathogenicity  of,  ,607 
relation   of,   to   tubercle   bacillus, 

609 
staining  of,  505 
toxic  products  of,  609 
clinical  varieties  of,  608 
contagiousness  of,  609 
in    rats.   510 


of,  607 


Leprosy,    tuberculin    administered     in, 

reaulU  of,  610 
Leptotbris,  619 

morphology  of,   618 
Leucocidin  of  Staphylococcus  pyogenes 
aureus,  320 

action  of,  upon  leucocytes,  330 

discovery  of,  329 

leucotoxin  differentiated  from,  331 

obtaining  of,  330 
Leucocyte  extract,  289 

effect  of,  upon  infections  in  animals, 
290 
in  man,  201 

experimentation  vith,  291 

obtaining  of,  200 
Leucotoxin,  201,  331 
LiboriuH'  method  of  anoErobic  cultiva- 
tion of  bacteria,   149 
Light  in  destruction  of  bacteria,  63 

action  of,  64 

resistance  to,  63 

varieties  of,  64 
Lime,  chlorid  of,  aa  disinfectant,  76 
Limes  death,  definition  of,  208 
Limes  eero,  207 
"Limex  amebK,"  723 
Linen,  etc.,  disinfection  of,  87 
Ton  Lingetsheim,  discovery  of  Diplococ- 


discovery  of  Micrococcus  pbaryngis 
siccus  by,  387 

Lipase,  47 

Liver  and  gall-bladder,  inflammatory 
conditions  of,  attributed  to  colon 
bacillus,  396 

Lobar  pneumonia,  infectiousness  of,  S62 

Loeffler  and  SchUtz,  discovery  of  glan- 
ders bacillus  by,  628 

Loeffler's  malachite-green  media,  isola- 
tion of  typhoid  bacillus  in  stools  by, 
409 

Loeffler's  method  of  staining  fla^lla, 
100 

Loeffler's  serum  medium,  131 

Lustgarten,  discovery  of  smegma  ba- 
cillus by.  603 

Lynchia  lividocolor,  76) 
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X-Tiichia  maura,  701 
Lysina,  224 

action  of,  Bordet'a  interpretation  of, 
226 
compared    with    Ehrlich's,    226, 

228 
mDmarr  of,  228 
iOirlieh's  tbeory  of,  226 

compared  with  Bordet's,  22A 
complement  in,  226 
.  immune  body  in,  220 
formation  of,  226 
baptoplfbre  groups  in,  22fl 
corapiementophiie,  228 
cytophile,  228 
red  corpuscle  in,  227 
side  chains  or  receptors  in,  220 
over-production  of,  220 
in  blood  sprum,  22S 
experimentation   in,  224 
in   immune  blood   serum,  reactiTated 

by  normal  serum,  226 
in  normal  blood  serum,  Bordet's  the- 
or;  of,  226 
alexin  in,  225 

sensitizing  substance  in,  226 
investigation  of,  by  EbrUch,  220 
Lysol.  7B 
Lyasa.     See  Rabiea 

Maahsen  filter,  124 

MaoConkey's  bile-salt  agar,  for  eolon- 

typhoiif  dJfTerentiation,  138 
MacNeal'a  stain.  797 
Macrophages,  definition  of,  270 
Madura  foot.     Hue  MycetJMU* 
Malachite-green    media,    for    colon-ty- 
phoid   differentiation,    bouillon, 
137 
Loeffler's,  for   iaolation  of  typhoid 
bacillus  in  stools,  409 
Malaria,   black-nater    fever   following, 
786 
carriers  of,  776 

epidemiology    of,    person  si    prophy- 
laxis in,  783 
precautions    against    human    car- 
riers, 783 


Malaria,    epidemiology    of,    prevention 
of  mosquito  breeding,  782 
proper  treatment  and   ears  of  all 

cages,  783 
quinine  prophylaxis,  783 
screened  bouses,  781 
geographical  distribution  of,  76C 
history  of,  704 
immunity  to,  784 
latent,  770 
mortality  from,  700 
organism  of,  704 
pathology  of,  764 
relapses  of,  TS6 
treatment  of,  780 
Malarial  fever,  classical,  symptoma  of, 

776 
Malarial  fevers,  770 

clinical  description  of,  77B 
incubation  period  of,  775 
Malarial   mosquito,  bre«ding-plaeM  of, 
780 
clasaiBcations  of,  780 
description  of,  778 
development  of,  778 
development  of  malarial  parasite  in, 

776 
egg-laying  of,  781 
larvc  of,  778 
life  history  of,  780 
Malarial  parasite,  cultivation  of,  in  vi- 
tro, 777 
development  of,  in  the  mosquito,  776 
incubation  period  of,  781 
Malarial  parasites,  780 
Malignant  edema,  bacillus  of,  408 
cultivation  of,  470 
early  investigation  of,  4S9 
immunity  in,  471 
morphology  of,  469 
pathogenicity  of,  470 
Btaining  of,  470 
Mallein,  632 
action  of,  633 
diagnostic  use  of,  633 
directions  of  U.  S,  government  for, 
634 
obtaining  and  preparation  of,  G33 
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MbIU  fever,  549 

in  domestic  animals,  649 
Maltase,  SO 
Mansou'a  stftin,   798 
Maragliano'e   aerum    for    tuberculosia, 

498 
Marchiafava    and    Cell!,    diacovery    of 

lni.'niiigcN»ccua  by,  371 
Hargaropua  annulatua,  life  history  of. 
789 

traDsmisaion  of  piroplaBniid^  liy,  789 
Mermorek'a  geriini  for  tuberculoHi»,  498 
Mastigophora,  delinitioD  of.  721,  738 

pulymaatiffina.  738 

protomonadina,  740 
Meaales,  «7G 

iDVi«ti(;ation  for  virus  of,  675 
by  Hektoen,  67S 
by  Home,  676 
Meat,   determination   of   nature  of,   by 
precipitin  teats,  'ZS4 

useil  for  culture  media,  115 
soluble.  116 
Meat  extract,  110 
Meat-extract  agar,  127 
Meat^xtract  broth,  124 
Meat-extract  gelatin,  126 
Meat-infusion  agar,  126 
Meat-infusinn  broth,  124 
Meat-infusion  gelatin.  127 
Meat- poisoning  bacilli,  429.  476 
Meningitis,     microorganisms     causing. 
371 

primary,   371 

secondary,  371 

serum  therapy  of,  378 
Meninf(ocuceiis.    See  Micrococcus  intrs- 

cellulnris  meningitidis 
Menozoitis,  760 
Metachromatic  granulea,  I) 
Metacresol  as  diainfectant,  77 
Metchnikoff's  therapy  of  gaatrointesti- 
nal   autointoxication   by   means  of 
Bacillun  buigaricus,  716-717 

by  means  of  lactic-acid  bacilli,  717 
Mice,  method  of  injecting,  intravenoua- 

1y.  173 
"Microbe  de  la  coqueluche,"  543 


Micrococci,    321.      8e€    alto    Staphylo- 

Hicrococcus,  36 
Micrococcus  catarrhalis,  386 

differentiation   of,   from   goDOCoecus, 
386 
from  meningococcus,  386 
Micrococcus    intracellular  is  manin^ti- 
dis,  371 
cultivation  ot,  374 
oxygen  in,  376 
viability  of  organiara  in,  376 
differentiation   of,   fiwm  Micrococcus 

catarrhalis,  386 
early  observation  of,  371-372 
immunir^tion  against,  378 

agglutinins  in  immune  sera  in,  378 
modes  of  inoculation  of,  377 
morplxilogy  of,  373 
parameningococcus  and.  379 
pathogenicity  of,  376 
in  animals.  377 
in  man,  370 
pnendomeningococcus      differentiated 

from,  379 
resistance  of,  376 
staining  of,  374 
HUHceptibility  of  animals  to,  377 
viability  of.  375 
MicrocoFcus  melitenais,  546 
cultivation  of,  550 
morphology  and  staining  of,  650 
pharyngis  siccus.  387 
tetragenus,  333 
cultivation  of,  333 
pathogenicity  of,  ^33 
Microorganisms,  diacovery  of,  I 

pathogenic.  ,321 
Microphagea,  definition  of,  276 
Microacopic  study  of  l)acteria,  93 
in  flxed  preparationa,  94 

procesa    of,    04.      See    also    tinder 
Staining 
in  living  state,  93 
by  hanging  block  method,  94 
by  hanging  drop  method.  93 
by  intravital  method  of  Nakanishi, 
94 
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Wicrospira,  37 
Wiprosporon  furfur,  839 

clinical  piptiira  of  infpction  of,  631) 

cultivBlion  of,  640 

morphoIo(r\-  of,  639 
Milk,  alcoholic  fprtiMmUtion  in,  702 

anthrax  bacilli  in,  707 


I,  6IKI 


butler    a   means   of    transinitting, 
711 

biitt«r-making  aitlpi]  by,  711 

cheese-makinjt  aided  hy,  714 

nunihers  of,  700 
mtimatin);  of,  7l>f> 

propagation  of,  700 

Bourcps  of.  01)9 

under    ordinarily    hygienic    condi- 
tions. 6»9 

varieties  of,  701 
"bitler."  703 

biilyric-ncid  fermentation   in,  702 
certified,  701 
eliolera   trneert   to,   705 
contpilation   of  casein   in,  702 
color  chingrs  in,  703 
(Iinrr)i<-a1  iJiseasi^  frnei'd  to,  705 
iliphtheria  traecd  to.  703 
footand-mouth  disenRe  vims  in,  TOO 
lactic-ncid  frrmcnialion  in,  701 
pasteurization  of,  7O0 
pus  cells  and  leuiwcytes  in.  70« 
relation    of,    to    infections    diseases, 

703 
scarlet  fpver  traced  to,  704 
"sTimy,"  703 
streptoeocei  in,  705 
etreplococciis   tbroat   infections   con- 
veyed by,  343,  70(1 
supervision  of  anjiply  of,  700 
tuherclp  bacilli   in.  707 

infection   from,  708 

precautions  against,  708 
dairy  inspoetion  in,  708 

tuberculin  test  of  cows  in,  708 

transmis-uion  of,  from  cow,  707 
typhoid    fever    epidemics    traced    to. 


703 
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Mitibrand,  563 

Moeller'g    method   of   staining    epores, 

.      08 
Moisture,  relation  of,  to  bftcteria,  34 
hloitessicr's  gaB-pressure  regulator,  169 
Alolds.    See  Hypbomveetes 
Monilia,  641 
Morax-Axenfeld  bacillus,  54S 

cultivation  of,  -VO 

morphology  and  staining  of,  546 

pathogenicity  of,  6-17 
Motility  of  bacteria,  14 

by   tlagella,   14 

Brownian,   14 

effect  of  temperature  on,  16 

molecular,  14 

organs  of,  13 

true,  14 
Arucorina,  reproduction  in,  635-636 
MuRuet.     See  Thrush 
Multiplicity  of  amboceptors  in  normal 
sera,  242 

of  complement  in  normal  sera,  242 
"Murrina  de  caderas."  747 
Mycetoma,  clinical  picture  of,  627 

granules  in,  627 

melanoid,  627 

cultivation  of,  627-628 

morpl)o1ogy  of,  627 

ochroid,  627 

Mj'comycetea,  035 


of,  745 

parasite  of,  745 

tranomiaaion  of.  746 
Nakanishi,  "intravital"  staining  meth- 
od of,  in  study  of  bacteria,  94 
Negri    bodies   in   cent  ml    nervous   sya- 
tcm  in  rxbien,  648' 

demonstration   of,  648 

diagnosis  of  rabies  by,  650 

explanation  of.  650 

eignineanee  of.  651 

staining  of.  108 
Neisaer.   discovery  of  Diplococcua  gon- 
orrhirs  by,  380 

discovery  of  lepra  bacilUia  hy.  506 
NeoBporidia.    Set  Sarcosporidia 
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N'ephrotoxin,  201 

Neufeld    and     Rimpau's    disco  very    of 

opsonic  subatancee,  282 
NeuTotoiin,  201 
Neutral-red   mediam   for  colon-typhoid 

differentiation,  I3B 
'■New  tuberculin"   (Koch),  481 
"New     tutierculin-bkcillary    emulsion," 

492 
Nitrate-Mlution  broth,  126 
Nitrifying  bacteria,  67 

action  of,  58 

agricultural  importance  of.  68 
Nitrogen,  for  preparation  of  anaerobic 

conditions,   151 
Nitrogen  fixation  by  bacteria,  54 
microorganiBm  of,  54 

in  root  tuberclen,  S5 
experimentation  on,  56 
microorganism   of,   55 
process  of,  56 

in  soil,  64 
Nitrogen  in  nutrition  of  bacteria,  28 

sources  of  supply  of,  28 
Noguchi's      modification      of     Wasaer- 

mann  test  for  syphilis,  269 
Novy  jar,  154 

Nucleus  in  bacterial  cell.  10 
Nutrient  media.     See  Culture  media 
Nutrition  of  bacteria,  26 

carbon  in,  25 

hydrogen  in,  28 

nitrogen  in,  26 

oxyf^en  in,  25 

satto  in,  29 

Obermeikb,    discovery    of    spirochntes 

of  retapHing  fever  by,  606 
Obligatory  aerobes,  26 
Obligatory  anaerobes,  26 
Oldium  albicans,  640 

discovery  of,  640 

morphology  of,  640 

varieties  of.  640 
"Old   tuberculin"    (Koch),  461 
Opium  production,  bacteria  in,  719 
"Opsonic  coeificient  of  extinction,"  286 
Opsonic  index,  finding  of,  286 


Opsonic  test,  Wright's,  284 

obtaining  of  bacterial  emulsion -for, 
284 
of  blood  semm  for,  284 
of  leucocytes  for,  284 
opsonic   index   in,   finding  of,    286 
parallel  .'control    test    on    normal 
serum  in,  286 
"pool"  in,  286 
technique  of,  284 
Simon,  Lamar,  and  Bispbam's  tech- 
nique of,  286 
dilutions  in,  286 

opsonic  coelGcient  of  extjoction  in, 
286 
Opsonins,  281,  316 
decrease  of  phagocytic  power  upon 
introduction  of   bacteria   without, 
282 
definition  of,  282 
increase    of   phagocytic   power   upon 

introduction  of,  283 
Neufeld   and   Eimpan's  discovery  of, 

282 
normal  and  immune,  282-283 
specific  for  ^phoid  bacillus,  424 
specificity  of,  262 
structure  of,   according   to   Hektoen 

and  Rucdiger,  283 
Wright's  test  of.    See  Opsonin  test 
Wright's  theory  of.  282 
Orthocresol   as   disinfectant,   78 
Oscillaria  malarife,  764 
Osmotic  properties  of  bacterial  cell,  23 
Oxydases,  60 
Oxygen  as  disinfectant,  88 

in  development  of  bacteria,  25 
free,   2« 

absence  of,  26 
indirect  supply  of,  26 
in  nutrition  of  bacteria,  26 
Oysters,  bacteriological  examination  of, 

718 
Ozone  as  disinfectant,  88 

Paltavp'b      modification     of     Gram's 

stain.  103 
Pancreascytotoxin,  201 
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Paper  used  in  filtering  culture  media, 

121 
Pappenheim-SMttbof  stain,  of  diplocoC' 

CUB  goDorrhtee,  381 
Paracolon  bacillus,  430 
Paracresoj  ao  a  disinrectant,  78 
ParanieningococcuB,  379 
Parasites,  bacterial,  29 
classification  of,  30 
faculUtive.  29 
media  for  growth  of,  29 
definition  of,  182 
infect  iQuaneiui  of,  1B2 
pathogenicity  of,  1B2 
Paratyphoid  bacilli,  differentiation  of, 
on  sugar,  433 
types  A  and  B,  431 
Paratyphoid    fever,    differentiation    of, 

from  typhoid,  432 
PaosiTe  immunity.     See  under  Immu- 
nity 
Paseive    immunization,    definition    of, 

1»6 
Pasteur,  discovery  of  bacillus  of  chick- 
en cholera  by,  652  . 
discovery    of   bacillus   of    malignant 

edpma  by,  488 
discovery  of  Diplococcua  pneumonite 

by,  363 
technique  of,  in  rabies  therapy,  652 
Pasteurization  of  milk,  709 
Pathogenic  bacteria,  182,  321 
Pathogenic  protozoa.     See  Protozoa 
Pathogenicity,  fundamental  factors  of, 
181 
of  bacteria,  192 
Penicillium,  reproduction  in.  637 
Pepton-sait  solution  broth.  126 
Perez  bacillus  of  ozcrna,  462 
Pericardial     exudates,     bacteriological 

examination  of,  175 
Peritoneal  exudates,  bacteriological  ex- 
amination of,  176 
Peritonitis    following    perforation    at- 
tributed to  colon  bacillus,  394 
Perlsucht,  498 

Pernicious  anemia  and  Bacillus  aero- 
genes  eapsulatus,  177 


Petri  disb,  116,  144 

Petruechky.  discovery  of  Bacillus  feca- 

lis  alkaligenee  by,  26,  427 
PfeifTer,  discovery  of  influenza  bacillus 
by,  536 
discover;  of  Micrococcus  catacrbulis 

by,  386 
discover;  of  pseudo-influenza  bacillus 
by,  541 
Phagocytic  index,  286 
Phagocytosis,  276 
eells  active  in,  270 
"fixed,"  276 
macrophages,  276 
microphages,  276 
"wandering,"  276 
cells  of  animal  origin  in,  278 
cheniotaxie  in.  277 
complement  or,  "cytasc"  in,  279 
definition   of,  276 
dependence  of,  on  opsonins,  281-282 
diminution  of.  upon  introduction  of 
bacteria    without    opsonic    serum, 
282 
immune  body  or  "fixator"  in,  279 
immunity  and,  270 
in  higher  animals,  276 
in  protozoa,  276 
increase  of,  upon  the  introduction  of 

opsonic  substances  in  serum,  282 
macrophages   in.  276 
MetchnikolT's  theor;  of,  276 

opposition  to,  270 
microphages  in,  276 
process  of,   in  the  body  upon   intro- 
duction of  bacteria,  277 
upon    introduction    of    nutrient 
broth,  276 
susceptibility  of  various  microorgan- 
isms to,  279 
variety  of  phagocyte   in,  determined 
by  the  bacterium,  278 
Phenol  production  by  bacteria,  167 
Phosphates  in  the  nutrition  of  bacteria, 

29 
Phosphorescence  produced  by  bacteria, 

59 
Phragmidiothrix,  37 
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Phjeomyeetei,  636 

Pigment,  formation  of,  by  bactcTia,  69 

chemical  nature  of,  69 

cultural  conditions  on,  00 
Plroplasniids,    as    cause   of    Southern 

cattle  fever,  787 
clinical  observations  on,  788 
familf  of,  787 
morphology  of,  TS7 
transraiasion  of,  T8S 
Pityriasis  versicolor,  639 
clinical  picture  of,  039 
niicroorgaaiBm  causing.     Bet  Micro- 

sporon  furfur 

orcurrence  of,  639 

Plafpje.  bacillus  of,  6S4 

bioli^^  of,  EST 

control    of,    \>y    fumigation    with 
bydrocjianic  gas,  92 

degeneration   formg  of,  20 

imrauniiatioB  against,  661 
active,  661 

involution  forms  of,  on  salt  agar, 
557 

isolation  and  cultivation  of,  666 

lesions  in  animals  produced  by,  559 

morphology  of,  666 

pathogenicity  of,  S58 

relation  of  rats  to,  660 

resistance  of,  657 

staining  of,  556 

toxins  of,  561 

transmission  of.  SSO 

varintions  in  virulence  of,  659 

viability  of.  557 
epidemics  of,  664 
in  animals,  668 

in  California  ground  squirrels,  660 

in  Manchurian  marmot.  560 

inoculation  in,  559 

spontaneous  infection  in,  66!> 
in  man,  568 

autopsy  findings  in,  658 

bacteriological  diagnosis  of,  in  life, 
658 

infection   in.  568 

localized  form  of,  558 

pneumonic  form  of,  568 


Plague,  truiemisaion  of,  660 
Plague-like  disease  in  rodents,  662 
PlanococcuB,   36 
Planosarcina,  37 

Plasmodia,  differentiated  from  coccidia, 
766 

examination  of,  in  Ireeh  blood,  774 

finer  structure  of,  772 

form  of.  767 

Plasmodium  falciparum.  771 
Plasmodium  malarir.  770 
Plasmodium  vivax,  767 

life  cycle  of,  766 
Plasmodium     falciparum,     morplinln;rj 

of,   771 
Plasmodium  malaria,  766 

morpholopy   of,   770.     Bee   also   Ma- 
larial Paiasitcs 
Plasmodium  pripcoii,  783 
Plasmodium  tenue.  787 
Plasmodium  vivax.  767,  786,  787 

morpholo}^  of.  767 
PlasmolyRis  of  bacterial  cell,  23 
Plasmoptysis  of  bacterial   cell,   24 
Plating  in  isolation  of  bacteria,  143 
Pleural  exudates,  bacteriological  exnm- 

ination  of,  175 
Pleuro-pncumonia.  organism  of,  542 
Plots  bacillua.  cultivation  of,  678 

obtaining  of,  678 
Pneumobacillus.    See  Bacillus  mucnsus 

capsuSatUB 
Pneumococcus.  discovery  of,  7 

different  types  of,  336 
Pneumococcus.     See  Diplococcus  pneu- 

Pneumococcus-streptococcus  group,  mu' 

tation,  370 
Pneumonia,  complications  of,   362 

lobar,  etiology  of.  381 
infpctiouBncss  of,  352,  361 
Poisons,  bacterial,     flee  Bacterial   poi- 

Polar  bodies,  11 

special  stains  for,  107 
Poliomyelitis,  acute  anterior,  664 

immunity   in,  666 

infectiousness  of,   664 
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FoliomfelitiB,    inocnlation    of    animals 

with  spinal  Bubstance  of,  664 

by  Fleiner  and  Lewis,  665,  666, 

667 
by  Knoepfehnacher,  665 
by    LandBteiner    and    Levaditi, 

665,  6«7 
by  Landsteiner  and  Popper,  665 
rcBistance  of  virus  of,  660 
Polycbrome  stains  in  staining  of  bac- 
teria, 107 
PolymastiginR,  definition  of,  738 
lamblia  intestiualis,  739 
tetramitis  mesuili,  739 
trichomonaB,  736 
Potato  media,  130 

glycerin,  130 
Pour  plate,  technique  of  making,  146 
Precipitin  tests,  263 

bacterial  filtrates  for,  2S4 

technique  of,  255 
determining  nature  of  meat  by,  264 
precipitating  antisera  for,  253 
against  albumin  solutions,  263 
technique  of  production  of,  253 
protein  solutions  to  be  tested  by,  254 
Precipitins,  200,  235 

agglutinins  and,  structure  of    (Ehr- 
lich),  238 
cell-receptors  in,  238 
theoretical   considerations  concem- 
inR,  23B 
bacterial  differentiation  by,  237 
dilTerentiation   of    proteids   by,   237, 

£64 
distinguishing  blood   of  auimal   spe- 
cie* by,  237 
effect  of  heat  on,  236 
experiraratation  in.  236 
group  reactioD  of,  237 


identity    of. 
1  pneumococcne 
I    streptococcus 

rum,  347 


Ith   f 


KitisvrK,   236 

I.  364 


nature  of,  236 

speciRcity   of,  237 
Pressure,  relation  of,  to  bacteria,  34 
Proagglutinoids,  236 


Proteid   differentiation   by   complement 
fixation,  273 
substances  necessary   for,  273 
technique  of,  274 
by  precipitins,  237,  254 
Proteid  injections,  anaphylaxis  in,  205 

Bee  alao  Anaphylaxis 
Proteids  in  bacterial  eel],  22 
Protein  solutions  for  precipitin  tests, 

preparation  of,  254 
Proteins,  bacterial,   166 
Proteolytic  enzymes,  43 
action  of,  44 

in  breaking  doRn  animal  excreta, 
46 
bacteria  producing,  44 
proteids  necessary  to,  44 
ptomains  produced  by,  45 
ProteoBoma  ( Plasmodium)  precox,  763 
Proteus  group,  bacilli  of,  454,  455 
cultivation  of,  464 
morphology  and  staining  of,  464 
occurrence  of,  454 
pathogpnicity  of,  456 
Protomonadina,  740 
bodonidie,  740 
prowazekia,  740 
cercomodidfe,  740 
Cercomonas  bominls,  740 
definition  of,  740 
trypanisnmidtt,  740 
Protozoa,  classification  of,   721 
definition  and  functions  of,  721 
infusoria  (ciliata),  792 
mastigophora    ( flagellata ) ,  721,  738 
sarcodina   (rbizopoda),  721,  723 
sporo/oa,  722,  760 
technique    of    blood    examinations 
for,  795 
Protozoa   and   bacteria,   differentiation 
of,  1 
staining  of,  109 
Prowazekia,  740 

Pseudo-dysentery  bacillus,  437,  438 
Pseudo-infiucnza  bacilluR,  541 
pHpudo -membranes  in  diphtheria,  518 
Pneiidnraeningococcus,  379 
Pseudomonas,  37 
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Ptumains,  45,  t85,  300 

bacterial  paisona  snd,   18S 

dincovery  of,   185 

occurrence  of,  186 

tnxina  diRtinguishiHl  from,  45 

varipties  of,  45 
TuH,     bacteriological     examination     of, 

175 
Pus  cells  and  leucoej-tes  in  milk,  70fl 
riitrefnction,  action  of,  44 
I'll tref active  bacteria,  quantitative  an- 
alysis of,  21 
Putrescin.  45 

Pyemia,  definition  of,   184 
Pyocjanaw.  580 

immunizinjc  powers  of.  680 
Pyocyanin,  578 
I'yopyanolyBin,  581 
PyrogRllic  acid,  nee.  of,   in  cultivation 

of  anaerobic  bacteria,  152 


Qi'AirrAN  fever,  parasite  of,  770 

symptoms   of,   776 
Quinine,  blackwatcr   fever  precipitated 

by,  786 


Rabirr.  840 
coiirsp  of,  047 
in  animals.  647 
in  men,  048 
cultivation  of  organism  of,  by  No)(u- 

chi,  051 
diaRnosiH   of,   by   presence   of   Nej^ri 
bodies   in   central   nervous   system, 
048-050 
experimental   infection   of,   040 
incubation  in,  047 

Nejfri  bodies  in  central  nervous  sys- 
tem, 048 
demonstration  of,  648 

by  Van  Gieson's  method,  G49 
by  Williams  and  Lowden's  meth- 
od, 060 
stninin^;  in,  4140 

Mann's    method   of,  040 
diagnoaia  bf,  049-050 


Rabies,  occurrence  of,  646 
pathology   of,   648 

specific  therapy  of    (Paeteur'a   tech- 
nique), 662 
attenuation    and     preparation    of 

virtu  px€  in,  652 
inoculation   of   rabbits  with   vtrua 

fixe  in,  652 
spinal  cord  of  inoculat«d  rabbits 
in  deaiccntioD  of,  6S3 
emulsiOcatioD   of,   654 
treatment  of  casea  with  injections 
of  spinal-cord  solution  in,  SS4 
HOgyes  dilution  method  In,  656 
scheme  of,  used  at  Pasteur  In- 
stitute, 664- 
used  in  New  York  Department 
of  Health.  655 
virulence  of  virus  of,  647 
Racial  immunity.  191 
"Rage."    See  Rabies 
Rat,  relation  of,  to  plague,  560 
Rat-bite  fever,  617 
Rat  leprosy,  SID 

relation  of,  to  human  leprosy,  51 1 
Rauschbrand.     See  Bacillus  of  sympto- 
matic anthrax 
Receptors   of   toxin    molecule    in   side- 
chain  theory,  213 
chemical  action  of,  213 
over-production  of,  214 
Red  blood  cells,  antibodies  produced  by, 

200 
Reducing  powers  of  bacteria,  167 
Refractive  index   of  parts  of  bacterial 

cell,  24 
Reichel  filter,  122 

Reichert's  thermo- regulator.  158.  150 
Relapsing  fever,  605 
immunity  In,  610 
symptoms  of,  008 
transmission  of.  010 
varieties  of,  009 
Relapsing  fever  spirochete,  005 
cuUivaHon  of,  606 
morphology  and  staining  of,  605 
pathogenicity  of,  008 
in  animals,  608 
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Belapsing  fever  Bpfrochnte,  pathogenic- 
ity of,  in  nan,  SOS 
B^mptomB  of,  608 
transmiaaion  of,  610 
varieties  of,  600 
Reproduction   of  bacteria,   IT 
Kesiatance  of,  definition  of,  189 
Khinosclerotna,  bacillus  of,  451 
RhiEopoda,    Bee  Sarcodina 
Ricin,  eaperimentatioD  with,  204 
Ringvorm,  643 
Rodents,  deatmctiou  of,  by  hydrocyanic 

gas,  92 
Root  tubercles,  55 

microorganism    of   nitrogen    flxation 
in,  55 
Roux'h  method  of  anaErobic  cultivation 

of  bacteria,  140 
Russell's  double  sugar  agar  fot  colon- 
typhoid  differentiation,  138 

Sacchaboutceteb.      Bee    Yeasts    and 

Yeut  cells 
Salts  in  nutrition  of  bacteria,  28 
Saprophytes,  bacterial,  20,  30 

definition  of,  182 
Sarcina,  36 

Sarcodina,  amebe,   723 
SarcophysematouH  bovia.     Bee  Bacillus 

of  symptomatic  anthrax 
Sarcosporidia,  TDI 
Scarlatina.    See  Scarlet  fever 
Scarlet  fever,  676 

favorable   influence   of   streptococcus 
antisera  in,  676 

streptococci  present  in,  676 

traced  to  milk,  704 
Schsudinn  and  HoRmann.  discovery  of 

Spirochvta  pallida  by,  504 
Schizomycetes,  36 
Schizonta,  760 
Schizotrypanum  cruzi,  756 
Schweineseuche,  653 
Scorpion  poison,  antitoxin  for.  109 
"Sensitization"  of  antigen,  241 
Septicemia,  definition  of,  184 

diagnosis  of,  by  isolation  of  bacteria 
from  the  blood,  176 


Septicemia,  due  to  colon -bacillus  infec- 
tion, 304 
hemorrhagic     See  Hemorrhagio  sep- 
ticemia 
Serum  media,  131 

Loeffler's,  131 
Serum  reactions,  technique  of,  2B0 

See  alao  under  individual  tests 
agglutination  tests  in,  261 
antigen  determined  in,  by  comple- 
ment fixation,  271 
for  typhoid  fever,  271 
obtaining  of  material  for,  271 
test  in,  272 
.  bactericidal  and  bacteriolytic  tests 
in,  25G 
complement  fixation  in,  for  deter- 
mination of  antibodies,  262 
for    determination    of    antigen, 

271 
for  proteid  differentiation,  273 
hemolytic  testa  in,  250 
precipitin  testa  in,  253 
proteid   difTerentiation   by  comple- 
ment fixation  in,  273 
Bubstancefl  necessary  for,  273 


test 


,  274 


Wassermann  test  in,  263 
modifications  of,  26S 
"Serum  sickness,"  206 
Serum   water   media   for    fermentation 

testa,  132 
Shick   reaction,   for   determining   pres- 
ence of  diphtheria  antitoxin  in  blood, 
626 
Shiga,  discovery  of  dysentery  bacillus 

by,  435 
Shigs'a  bacillus,  435 

cultural  characteristics  of,  436 
morphology  of,  435 
Side- chain     theory    of    toxin-antitoxin 
reaction,  212 
chemical  action  in,  213 
elements  of  molecules  In,  213 
atom  group,  213 
side  chains  or  receptors,  213 
over-production  of  receptors  in,  214 
Side  chains,  action  of,  in  Ehrlich's  tfae- 
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017  of  lytic  process  in  blood  Benun, 


Slanting  of  culture  media,  123 
Sleeping   Bickness.     See  TrypanoBomi- 


"Slimj"  milk,  bacteria  caaning,  703 
Smallpox,   «57 

etiological  factor  of,  6ST 
immunization  in,  eS8 
by  vaccination,  650,  66 S 
Jcnner'B  discovery  of,  66» 
techni<iue  of.  flU3 
value  of,  663 
production  of  vaccine  for,  047.   See 
also  under  Vaccine 
occurrence  of,  657 
protozoan   incitant  of,   rcaearch   for, 

657 
relation  of  chicken-pox  to,  660 
relation  of  cowpox  to,  659 
trnnemission  of,  656 
vaccine  bodies   in,  discovery  of,  657 
explanationa  for,  063 
Ewing's,  663 
Smegma  bacillus,  502,  603,  6D4 
cnltivation  of,  504 
morphology  of,  503 
occurrence  of,  503 
staining  of,  504 

identification  of  bacillus  by,  504 
tubercle  bacillus  and,  differentiation 
between,  by  stains,  106 
Smith's  modification  of  Pitfield's  meth- 
od of  Htaining  flagella,  101 
Snake  poison,  antitoxin  for,  190 
Soil,  bacteria  in,  686 

from  burial  of  infected  cadavers, 

687 
in  agricultural  regions.  63S 
numerical  estimation  of.  6X7 
pathogenic,  in  surface  layerB,  6B8 
Solutions,    saturated,    for    staining    of 
bacteria,  05 
staining-power  of,  96 
Soor.     See  Thrush    ' 
Southern  cattle  fever,  parasite  of,  737 
Species  immunity.  190 
differences  in,  190 


'  Specific  gravity   of  forms  of  bactrrial 

cell,"  24 
"Specific  precipitates,"  236-236 
Spider  poison,  antitoxin  for,  100 
Spinal    fluid,   l>act«rioli^ical   examiaa- 

tion  of,  170 
SpirillBceK.,37 
Spirillum,  37 

description   of,  0 
Spirillum  choler«  asiaticr.     See  under 

Cholera 
Spirillum  Deneke.  501 
Spirillum  of  Finkler-Prior,  539 
Spirillum  Mansaua.  5SI 
Spirillum   Metchnikovi,  690 
Spirnchieta,  genus,  37 
SpJrochEtik  anserina,  016 
Spirochieta  calligyrum,  617 
Spirochceta  Duttoni,  610 
Spirochteta  gallinarum,  616 

cultivation  of,  by  Noguchi.  616 

immunization  against,  010 

similarity    of,   to   Spiroch^ta   anser- 
ina, 0)6 

transmission  of,  616.  016 
Spirochieta   ictcrohiemoragica,  017 
SpirochEcta  macrodentium,  617 
Spirochieta  micrndentium,  617 
Spiroclia^ta  pcrtenuia,  614 

morphology  ol,  616 

similarity  of,  to  Spirochfta  pallida, 
616 
Spirochsta  phagedenis,  618 
"Spirocheta  refringais,"  696 
Spirochete  of  relapsing  fever.    See  Re- 
lapsing fever  spirochstc 
Spirochete' of   Vincent's   angina.      See 

Vincent's  angina,  aplrochtete  of 
Spirochetes,  cultivation  of,  503 

differentiation  of,  from  spirilla.  593 

diseases   caused    by,   692.      Bee   aim 
under  specific  names 

reproduction  in,  692 

structure  of,  602 
Spirosoma,  37 
Splenomegaly,  infantile.  758 
Spore   stains    in   staining   of   bacteria. 

97 
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Spores,   bacterid),   16 
formation  of,  16 
germination  of,  IT 
pogition  of.  IT 
relation  of  temperature  to  cultures 

witli,  33 
varieties  of,  IS 
arthrospores,  16 
true  or  enilosporea,  16 
vegetative  forma  from,  17 
Sporonta,  7C0 
Sporotrichosis,  644 
Rporotoa,  hemosporiilia,  760 
sareoBporidia,  7»1 
subctaafleB  of.  neosporidia,  791 
lelnHporidia,  760 
Sporulation,   physiological    significance 
of.  17 
procees  of,  16 
Sprue,  tropical,  840 
Sputum,  disinfection  of,  87 
Stable  autitoxin,  206 
Staiuinj:;  of   bacteria,  chemical   princi- 
ples in  process  of.  96 
acid-fast  haeteria  xtains.  104 
Rauingarten'a  method,  106 
Bun)^  and  Trauten roth's  melh* 

od,  106 
Ehrlich's  method.  104 
Gabbet'e  method,  106 
Pappenheim's  method,   106 
Ziehl-NeeUon  method.  106 
capsule  ataina,  98 
Buerger's  method.  99 
HiBs'  methods,  9S 

copper  sulphate,  98 
HuntBon's  method,  »8 
Wadaworth's  inetliud,  99 
Welch's  method.  98 
ditTerential  Ntains,  102 
Gram's  method,  102 
claBsification  by,  104 
Pnltanf'B  inodil!cation  of,  103 
Sterling's  modiflcatioD   of,  t03 
jiagclla  Btains,  100 
Lbeffler's  method,  100 
Smith's  modificatioD  of  Pitfield's 
method,   101 


Staining  of   bacteria,   chetnical   princi- 
ples ill  process  of,  flagella  stains. 
Van  Ermengem'a  method,  101 
polychrome  atains,  107 
Oiemsa's  method,  108 
Jenner's  method,  108 
Wood's  method,  109 
Wright's  modiRcation  of  Leish- 
man's  method,  108 
special  stains  for^polar  bodies,  107 
Neisser's  method,  107 
Roux's  method,   107 
spore  stains,  S7 

Abbott's  method,  97 

Moeller's  method,  98 

staining  in  tissues,  110 

for  actinomyces  in  seations,  112 
for  Gram-positive  bacteria.  Ill 
Grara-Weigert  method.  Ill 
in  celloidin  Beetioni>.  Ill 
in  paraflin  sections.  III 
for   tubercle   bacilli   in   sections. 
112 
in  celloidin  sections.  112 
in  paraIGn  sections,  112 
LoefHer'B  method,  112 
saturated  solutions  used  in.  96 
staining  solutions  in,  power  of,  98 
steps  in  process  of: 

( 1 )  smearing,  94 

(2)  drying.  95 

(3)  fixing.  95 

(4)  staining.  96 

(5)  washing.  95 

(6)  blotting,  96 

(7)  mounting.  96 
Standardieation    of    diphtlieria    anti- 
toxin, 218 

of  tetanus  antitoxin,  221 
Staphylococci,  321.     flee  also  "under  in- 
dividual staphylococci 

definition  of,  321 

in  fecea,  177 
Staphylococcus  epidermidis  sibus,  332 
Staphylococcus  pyogenes  albus.  332 
Staphylococcua  pyogenes  aureus,  322 

cultural  characters  of.  323 

immunizaUon  against,  331 
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Staphylococcus  pyogenes  aureus,  immu- 
nization agaiuet,  active,  332 
agglutinins  in.  331 
modes  of  inoculation  with,  327 
morphology  of,  322 
pnthogenicity  of,  320 
in  animals,  327 
in  man,  327 
l>igmcnt  formation  of,  326 
rpsintance  of,  325 
to  cht^micals,  32S 
to  desiccation,  326 
to  heat  and  cold,  325 
staining  of,  322 

siisivptibitity  of  animals  ta,  326 
susceptibility  of  man  to,  327 
thermal  death  point  of,  325 
toxic  producU  of,  328 
endi)liixtns,  32S 
hemolysins,  328 

Icucocidin,    329.      See   aUo    under 
J,eucocidin 
virulence  of,  320 
Stapliylococcus  pyogenes  citreus,  332 
Rteam  In  sterilization,  67 
live,  09 
aaturated,  68 
superheated,  68 
Ste^rnmyia  fanciata,  673 
Sterilization  of  culture  media,  121 
Altrntion  in,  122 
hcnt  in,  121 
Sti'rling's  modification  of  Gram's  stain, 

103 
Sti'rnberg,     diaoovery     of     Diplococcua 

pnemuoniff  hy,  3B3 
Rtimiilins,  281 
Streaking,  surface,  in  Isolation  of  bac- 

tpria,  148 
"Street  virtiB,"  Q47 
Streptocopci,  30,  335 

cnpHuliited,  description  of  organisms 

reported  as,  307-309 
ela  still  cation  of.  347 

hy  Andrews  and  Horder,  349 
hy  cnrhDhydrate  fermentation  pow- 
"  ers,  34« 

immune  sera,  349 


Streptococci,  elasstfieatjon  of,  morpho- 
logical, 348 
Streptococcus    longus    aeu    ery- 

sipelatoa  in,  348 
Streptococcus  minor  seu  viridana 

in,  34S 
Streptococcus  mucosas  in,  34S 
definition  of,  33S 

differentiation  of,  from  pneumococei, 
357,  307 
cultural,  308 
morphological,  367 
epidemic  throat  infections  by,  343 
in  feces,  177 
in  milk,  70S 
in  milk  epid«nlcs,' 343 
predilection   of,   lor  definite  tiasuea, 

351 
preparation  of,  for  agglutination  tent, 

251 
pyogenic.     8ee    Streptococcus    pyog- 

Streptococcus  anginosus,  349 
Streptococcus  equinus,  349 
Streptococcus  erysipclatis,  342 
Streptococcus  equinus,  346 
Streptococcus   longus   sen  erysipelatos, 

348 
Streptococcus      mitior     seu     viridans, 

348 
Streptococcus  mucosus,  360,  351 
Streptococcus  pyogenes,  336 
brei-ia,  337,  338 
cultivation  of,  337 
early  experimentation  with,  335 
immunization  against,  346 

immune   sera  of   infected   animals 
in.  345 
agglutinins  in,  347 
precipitins  in,   347 
specificity  of.  347 
standardization  of,  347 
leucocyte  extracts  in,  347 
technique  of,  348 
longus,  337 

modes  of  inoculation  with,  341 
Id  animals,  341 
in  man,  342 
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morphology 
of,  337 

pathogenicity  of,  340 
in  anim»lB,   340 
in  man,  342 

resistance  of,  339 

staining  of,  337 

susceptibility  of  an  inula  to,  341 

toxic  products  of,  344 
endotoxin  a,   344 
iteiDoiyains,  344 

virulence  of,  340 
Streptococcus  aalivariua,  34B 
Streptothrix,  37,  619 

cultivation  of,  OSl 

morphology  of, '619,  021 
Sublethal  doHCB  of  virulent  bacteria  in 

active  immunization,  195 
Suctoria.     See  Infusoria 
Sugar-free  broth,  126 
Sulphates  in  nutrition  of  bacteria,  29 
Sulphur  bacteria,  60 

physiology  of,  01 

spectroscopic  examination  of,  01 

varieties  of,  60 
Sulphur    dioxid     as    disinfectant,    88, 

89 
Sulphuretted  hydrogen.     See  Hydrogen 

sulphid 
Suprarenal  cytotoxin,  201 
Surra,  clinical  course  of,  745 

occurrence  of,  746 

parasite  of,  745 

transmission  of,  746 
f^wine-plague  bacillus,  663  . 

ditferentiation    of,    from    hog'cholera 
bacillua,  554 

immunization  against,  653 

morphology  of,  653- 

pnthogenicity  of,  653 
RrinbiosiH  of  bacteria,  30,  31 
S,i'mptomstic  anthrax,  bacillus  of.    Bee 

Anthrax,  symptomatic 
f-'vphilis,  593 

in  monkeys.  601 

in  rabbiU.  602 

microorganism    of.      See   Spiroohcta 
pallida 


TANinNQ  of  hides,  bacteria  in,  720 
Teloaporidia.     See  Hemoaporidia 
Temperature,   attained   by    application 
of  various  degrees  of  pressure,  72 
effect  of,  on  activity  of  bacteria,  16 
high,  34 
low,  34 
relation  of,  to  bacteria,  31 
maximum,  31 
minimum,  31 
optimum,  32 
to  cultures  with  spores,  33 
to  vegetative  forms,  33 
Tertian  fever,  parasite  of,  707 

symptoms  of.  770 
'Tetanolysin,"  205,  464 
"Tetanospasmin,"  403 
Tetanus  antitoxin,  220 
production  of,  220 
horses  used  in,  221 
technique  of,  221 
toxin  for,  220 
standardization  of,  222 
therapeutic  value  of,  464 
unit  of  (Society  of  American  Bacteri- 
ologists), 222 
Tetanus  bacillus.  456 

autopsy  findings  in  infections  of,  460 

biological  characteristics  of,  468 

cultivation  of,  458 

distribution  of.  457 

early  observation  of,  456 

favorable  conditions  for  growth  of, 

459 
incubation  of,  400 
isolation  of,  by  Kitasato,  460 
morphoti^y  of,  460 
pathogenicity  of,  459 
following  wounds,  400 
relation  of  sporea  to,  469 
resiatance  of,  459 
staining  of,  4S7 
toxin  of.  460 
central    nervous    system    attacked 
by,  403 
mode  of  reaching,  463 
Incubation  period  of,  463 
isolation  of,  401 
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Tetanus  bacillus,  toxin  of,  isolation  o 
by  chemical  reaction,  462 
bj  filtration,  461 
by  precipitation,  461 
production  of,  461 
resi stance  of,  462 
atren)[th  of,  462 
susceptibility  of  animals  to,  46S 
Tetanus   spores,   transportation   of,    to 

organs,  460 
Tetramitis  mesnili,  739 
Thermal  death  points,  33 
Thermo -regulators  for  in«ubators,  159 
Lautenscblager's.   LS8,   IB9 
Reichert,  158,  159 
Thjothrix,  38 
Thrush,  640 

microorganism  causing,  040 
Tick,    tfee  Margaropus  annulatua 
Timothy,  baciilu!)  of,  51)2 
Tissue  sections,  method  of  staining,  111 
Oram-Weigert,  111 
in  eelloidin  sections.  Ill 
in  paralDn  sections,  111 
staining  of  bacteria  in,  110 
Titration  of  culture  media,   117 
color  indicator  in,  117 
process  of,  117 

for  alkaline  media,  118 
reaction  of.  117 
adjustment  of,  119 
Tobacco  industry,  bacteris  in.  719 
Toxin,  constitution  of  (Ehrjich),  210 
graphic  form  of  (Rhrlich),  211 
views  of  ArrheniuB  and  Madsen  on, 
212 
diphtheria.     Hee     uniier     Diphtheria 

endotoxin  distinguished  from.  I8fl 
epi toxoid  in,  208 

in  side-chain  theory,  cell -nutrition  in, 
213 
chemical  action  of,  213 
elements  of,  213 
atom  group.  213 
side  chains  or  receptors.  213 
over-production  of  receptors  in.  214 
molecule  of,  haptophore  group  in.  207 


Toxin,  molecule  of,  toxophore  group  i«. 
207 
partial  abaorption  of,  20» 
standardization  of,  207 
Lim«s  death  Id,  208 
Limes  sero  in,  807 
time  changes  in,  206    . 
toxoid  form  of,  207 
protoxoids  in,  200 
syntoxolds  in,  20» 
toxon  and,  difference  in  action  of,  2(M 
toxon  in,  209 
used    for    production    of    diphtheria 

antitoxin,  216 
valency  of  antitoxin  for,  210 
Toxin-antitoxin  reactian,  203 
aide-chain  theory  in,  212 
summary  of,  216 
theories  as  to  process  of,  203 

by  destruction  of  toxin  by  its  spe- 
cific antitoxin.  2()3 
by  direct  union  of  toxin  and  anti- 
toxin, 203 
through   mediation  of  tissue  cells, 
203 
time  element  In,  204 
Toxin  solution,  normal,  206 
Toxin  unit,  205 
Toxins,  185 
compared  with  pigments,  IM,  309 
summary  of,  305 
Toxoid  form  of  diphtheria  toxin,  207 
Toxoids,  varieties  of,  209 
epitoxoid  form  in,  208 
protoxoids,  200    , 
syn toxoids,  200 
Toxon,  in  diphtheria  toxin,  200 

toxin  and,  difference  in  action  of,  200 
Toxon  molecule.  200 

haptophore  group  in,  200 
toxophore  group  in,  209 
Toxiiphore  group  in  toxin  molecule,  307 

in  toxon  molecule,  209 
Trachoma,  hemogloblnophilic  bacilli  in, 

541 
Treponema  marsua  mnrls.  Ut7 
Treponoma  pallidum.  603.  617 
animal  pathogenicity  of,  601 
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Treponema    pallMum,    cultivation    of, 
599 
darh-field  examinatloa  of,  SB7 
b;  MUhlens,  000 
b;  Not(u<^hi.  eOO 
detnongtration  of,  606 
in  living  etat?,  SOS 
in  nnears,  607 

by  India-ink  prepsration,  69S 
by     Schaudinn     and     Hoffman's 

method  of  ataininf!,  SOT 
by  Wood's  method  of  staining, 
807     . 
in  tissues,  SB8 

by  Levaditi's  method,  608 
by    Levaditi    and    Manouelian's 
method,  SOS 
immunization  against.  003 
active,  C03 
passive.  003 
Infection  of  animals  by,  601,  002 
of  cornea  of  rabbits,  602 
of  tests  of  rabbits,  002 
morphology  of,  595 
observation  of,  600-507 
occurrence  of,  in  syphilis  cases,  60*- 

600 
staining  of,  108 

Fontanft's  method  tor,  608 
Trichomonas,  738 
Trichomonas  Jntratinalis,  738 
Trichomonas  vaginalis,  738 
Trichomycetes.     See  Chlamydobacteria- 

Trichophyton  tonsiirans,  643 

cultivation  of,  644 

demonstration  of,  043 

morphology  of,  643 

occurrence  of,  643 
Tricresol ,  78 
.    Trillat  autoclave,  89 
Tropical  sprue,  640 
Trypanosoma  avium,  760 
Trypanosoma   brucei,   as   cause  of  na- 
gana.  746 

cultures  of,  747 

morphology  of,  746 

transmisaion  of,  740 


Trypanosoma  equiperdum,  as  cause  of 
dourine,  748 
occurrence  of,  748 
Bite  of,  749 
Trypanosoma  evanai,  as  cauae  of  surra, 
745 
morphology  of,  745 
Trypanosoma   gambiensi,   animal    host 
of,  753 
as  cause  of  trypanosomiasis,  751 
morphology  of,  753 
pathogenicity  of,  763 
TrJrpanoBoma  hippicum,  disease  due  to, 
747 
incubation  period  of,  747 
morphology  of,  748 
prophylaxis  against,  748 
Trypanosoma  lewisi,  immunity  to,  743 
■     insect  hosts  of,  744 
morphology  of,  744 
multiplication  of,  744 
occurrence  of,  743 
transmission  of,  743 
Trypanosoma  rhodesienae,  764 
Trypanosoma  rotatorium,  cultures  of, 
743 
morphology  of,  742 
multiplication  of,  743 
occurrence  of,  742 
Trypanosomiasis,  clinical  signs  of,  752 
diagnosis  of,  764 
etiology  of,  762 
mortality  from,  761 
prophylaxis  against,  764 
symptoms  of,  761 
treatment  of,  764 
Trypanosomidte,  cultivation  of,  742 
history  of,  740 
morphology  of,  741 
species  of,  740,  741 
transmission  of,  741 
Tubercle  bacillus,  479 
bacilli  reltttt^  to,  408 
BncilluB  butyricus,  602 
bacillus  of  avian  tuberculosis,  600 
cultivation  of,  500 
discovery  of,  SOO 
morphology  and  staining  of,  600 
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Tubercle  bacillus,  bacilli  related  to,  ba- 
cillus of  avian  tuberculosis,  hus- 
ceptibilitj'  of  animals  to,  500 
bacillus  of  bovine  tutierculosis,  408 
cultivation  of,  490 
differentiation    of,    from    human 

type,  499 
early  investigatioD  of,  408 
morphology  of,  490 
bacillus  of  lish  tuberculosia,  495 
bacillus  of  leprosy,  502,  609 
bacillus  of  timothy,  502 
bacillus  of  turtle  lubprciiloeis,  COI 
Bacillus  snic^matis.  602 
biological  considerations  of,  49S 
chemicRl  analysis  of,  400 
cultivation  of,  483 
media  for,  484 
"Nalirstoff  Heyden"  in,  485 
discovery  of,  7 
early  investigation  of,  479 
cxaminotion   for,  by  animal  inocula- 
tions,  175 
by  Ziehl-Neelson  staining  method, 
170 
in  circulating  blood,  480 
in  fecps,  178     ' 
in  milk.  709 
isolation  of,  483 

PetrotTs  method  of,  484 
leprosy    bacillus   and.   differentiation 

between,  by  stains,  IOC 
methods  of  staining,  104,  106,  106 
in  sections,  112 
celloidin,  112 
paraffin,  112 
morphology  of.  479 
Much  grannli'^.  482 
pathogenicity  of,  481) 
frp<iupncj-  in.  4R7 
mode  of'infection  in,  487 
mortality  in,  4)*7 
preparation     of,     for     agglutination 

test,  251 
quantitative  analysis  of,  22 
smegma  bacillus  ami.  dilfercntiatic 

hetween,  by  •itains,   lOfl 
staining  of,  480 


Tubercle    bacillus,    staining   of.    differ- 
entiation     of,      from      acid-fast 
group   by  Pappenheini'a   meUiod 
of,  482 
Ehrlich's    an  ilio- water -gentian -vio- 
let solution  in,  481 
Gabbet's  decoloration  and  counter- 
staining  in,  481 
Ziehl's   carbol-fuchsin   solution   in, 
481 
toxins  of,  4)H> 

endotoxins  in,  490 
tuberculins  in,  400 

bouillon  filtre   (Denys),  492 
"new   tuberculin-bacillary   emul- 
sion" (Koch),  492 
"new  tuberculin"  (Koch),  491 
original  metbod  of  making  of, 
.    491 

present  method  of  making  of, 
491 
"old  tuberculin"  (Koch),  «1 
"tuberculoplasmin"         ( Buchn^r 
and  llahnl,  492 
use  of  antiformin  in  examination  for. 


Tuliereulin.     See  under  Tubercle  bacil- 
lus, toxins  of 

"Tuberculoplasmin"        (Buchner       and 
Ilahn),  492 

Tuberculosis,    complement   fixation    in, 
494 
frequency  of,  480 
human  and  bovine  types  of  bacilli  in, 

in  infections  of  man,  488 
immunisation   in.  passive,  497 

Marmorek's  aerum  in,  498 
mode  of  infection  in,  487 
mortality  of,  488 
tuberculin  in.  diagnostic  use  of,  493 

cutaneous  reaction  in,  494 

in  cattle.  4Dfi 

ophthalmo  reaction  in,  494 

subcutaneous  injection  of,  403 
dosaife  and  reaction  in,  493 
therapeutic  uses  of,  490 

original,  49S 
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TubercnlMia,  tuberculin  in,  therapeutic 
UBeB  qf,   preaent,  497 

dosage  in,  4BT 

preparations  emplojed  in,  497 
Tubing  of  culture  ipedia,  121 
Typhoid   bacillus.     ff«e  under  Typhoid 

Typhoid  carrier  state  in  rabbits,  404 
l^phoid  carriers,  412,  416 
Typhoid  fever,  bacillus  of,  399 

antigenic  pn^urties  of,  421, 426 

bacteriemia  in.  405 

biological  conditions  favorable  to. 

403 
cultivation  of,  399 
cultural     differencefl     within     the 

gcoup,  403 
differentiation    of,    from    Bacillus 
fecalis  alkaligenes.  437 
from   meat-poisoning   and    para- 
typhoid bBcilli,  428 
discovery  of,  7,  399 
inunnnization  against     See  under 
Typhoid  fever,  immunization  in 
in  blood  during  disease,  405 
obtaining  cultures  of,  40S 
in  feces,  177 
;n  gall-bladder,  411 
in  rosk  spots,  412 
in  spntum.  412 
in  stools,  406 
examination  in,  406 
isolation  of,  407 
m  Conrad  i-Drigaleki  medium, 

40S 
on  Eisner's  potato-extract  gel- 
atin, 407 
on  Endo's  fuchsin-agar,  409 
on    Hias'    agar-gelatin   media. 


malachite-greem 


407 
on    Loeffler's 
media,  409 
time  of  appearance  in,  406 
innrine,  411 
In  water,  694 
Inoculation  of  animals  with,  404 

with  endotoxin  of,  417 
morphology  of,  399 


Typhoid  fever,  t)acillns  of,  pathogenic- 
ity of,  404 
in  animals,  404 
in  man,  404 
staining  of,  330 

suppurative  lesioiu  due  to,  412 
toxic  products  of,  416 
obtaining  of,  417 
varieties  of: 
eadotoxins,  415 
true  toxins,  416 
typhoplasmin,  410 
diagnosis  in,  by  a^lutinins  in  blood 

Widal  tiat  in,  421 

obtaining  blood  for,  422 
by  bactericidal  aubatanees  in  blood 

serum,  419 
by  bactericidal  teata  in  vivo,  268 
by  opsonic  index,  424 
epidemics  of,  traced  to  milk,  703 
hygienic  considerations  in,  413 
immunization  in,  417 
by  inoenlation  with  typhoid  bacilli, 
417 
active,  424 

technique  of  Pfeiffer  and  Kolte 


agglutinins  in,  419 
chief  or  major,  420 
group,  420 
bactericidal,  419 
bacteriolytic,  413 
opBonins  in,  424 
precipitins   in,  423 
obtaining  blood  cultures  in,  178 
prophylactic  measures  in.  414 
prophylactic  vaccination  in,  420 
apeciflc  therapy  in,  424 
transmission  of,  413,  414 
by  flies,  4IS 
from  millc,  414 
from  oysters,  410 
from  water  supply,  414 
without  inteatinal  lesions,  413 
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"Typhoplasmin,"  416 

Typbu's  lever,  bacitlua  of  Plote.  678 

bacillus  of  Rickette  and  Wilder,  677 

distribution  of,  677 

etiology  of,  677 

identity  of,  with  Brin'a  di»«aae,  677 

inoculation  of  nnluals  with,  677 

transmiasion  of,  67B 


Ubike,  bacteriolc^ical 


Urobacillns  liquefaciens,  466 
Usehiiisky'B  proteid-free  mediu 


,  126 


Vaccine  production,  for  immuui£ation 
in  smallpox,  600 
animals  used  in,  600 
calves  used  for,  GGO 

cleanliness  observed  in  Stabling  of, 

660 
material   used   for   vaccination  of, 

66 1 
vaccination  in,  661 

preparation  of  field  in,  G61 
scarifications  in,  061 
vaccinia    vesicles    developed    in, 
661 
obtaining  of  vaccine  from,  OOZ 
by  curettaj^,  662 
by  ivory  tips.  662 
testing  of  VRccine  in,  for  bacteria,  C62 
for  ellideney,  662 
Vaccine  therapy  of  Wright,  288 
dosage  for,  288 
opsonic  curve  in,  288 
production  of  vaccines  in,  280 
standardization  of  emulsion  in,  287 
enumeration-  of    bacteria    against 

red  blood  cells  in,  287-288 
sterilization  of  vaccine  In,  288 
Vahlkampfia,  723 
Van   Ermengem,  discovery  of  Bacillus 

botnlinus  by,  470 
Van    Ermcngcm's   method   of   staining 

tiagella,  101 
Variola.     See  Smallpox 
Vegetative  forms  from  bacterial  spores, 
17 


Malignant 


"Vibrion     scptique." 

edema,  bacillus  of 

Vincent's  angina,  010 

Bpirochiete  of,  61 1 

cultivation  of,  613 

fusiform  variety  of,  612 

bacilli  of  other   diseases  respm- 
bling,  613.    Sff  aUo  under  Fu- 
siform bacilli 
other  bacilli  accompanying,  613 
spirillum  variety  of.  613 
symptoms  of,  610 
Vincent's  spirilla,  staining  of,  108 
Virulence,  deflnitinn  of.  183 

determination   of,   in   diphtheria   ba- 
cilli, 519 
problem  of,  201 

variations  in,  and  infectiousness,  183 
Virulent  bacteria,  sublethal  doses  of,  in 

immunizatioo,  I9S 
Viraa  fixe,  in  speciflc  therapy  of  rabies, 
062 


Wadhworth's  method  of  staining  cap- 
sules, 09 
Wassermann  test  for  diagnosis  of  syph- 
ilis. 263 
antigen  for,  283  ' 

determination   of   necessary   quan- 
tity of,  265 
obtaining   of,    from    alcoholic    ex- 
tracts of  syphilitic  organs,  203 
from  alcoholic  solution  of  normal 

organs,  263 
from  salt   solution  of  syphilitic 
liver.  263 
of  sypliilitic  spleen,  263 
preparation  of,  byNoguchl  meth- 
od, 206 
complanent  In,  207 
hemolytic  serum  in,  266 
obtaining  of,  266 
potency  of,  205 
quantity  of,  20S 
unit  in,  deRnition  of,  266 
determination  of,  266 
modifications  Of,  26B 
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861 


Ni^chi'a,  289 
performed    with    SpiroGhKta    pallida 

antigen,  604 
prpparation  for,  263 
serum  to  be  tested  for  sypbilitie  Aotj- 

body  in,  267 
oheep  corpuscles  in,  267 
technique  at,  268 
Water,  bacteria  in,  689 
in  bacterial  cell,  21 
in  ground  waters,  691 
in  perennial  springa,  692 
in  wells.  691 


-,  690 


in  surface  waters,  690 
influence  of  rain  on,  690 
light  and  temperature  factors  in 

purilicBtion  of,  691 
self- purification  in,  690 
pathogenic,  689 
of  cholera,  089 
of  diarrheal  diseases,  6S9 
fil  typhoid  fever,  689 
presumptive  colon  testa  fur,  69T 
qualitative  analysis  of,  694 

isolation  of  cholera  vibrio  in,  B96 

Koch's  method  of,  696 
isolation  of  colon  bacillus  in,  696 
Isotatiun  of  typhoid  bacillus  in, 
694 
Adami's  and  Chapin's  method 

of,  006 
Dritialski's  method  of,  695 
Vallet's  method  of,  695 
quantitative  estimations  of,  692 
collecting  of  specimens  for,  692 
colon  bacilli  in.  696 
colon  test  in.  697 

counting  of  bacilli  In,  098 
counting  in,  694 
incubation  of  specimens  in.  684 
plating  of  specimens  in,  602 
value  of,  094 
bacteriological  examination  of. 


Weil's  disease,  S17 

Welch,  discovery  of  Bacillus  at'rogencs 

capsulatus  by,  471 
Welch's  method  of  staining  capsules,  98 
Welch's     modification     of     Guarnieri's 

medium,  129 
Wertheim's  medium  for  cultivation  of 

gonococcus,  381,  382 
Winclcel's  disease  in  the   newborn  due 

to  colon  bacillus,  394 
Wires  used  in  transferring  bacteria,  141 
WolRhOgel  counting  plate,  162 
Wool-sorter's  disease,  573 
Wright,  method  of.  of  anaerobic  culti- 
vation of  bacteria,  150 

modification  by,  of  Buchner's  pyro- 
gallic  method  of  cultivation  of 
anaerobic  bacteria,  153 

theory  of  opsonins  of,  28C 

vaccine     therapy     of.     8ee     Vaccine 
therapy  of  Wright 
Wright's  sUin,  790 


Xebosib  bacillus,  I 


Yaws,  614 

Yeast  cells,  cultivation  of.  633 
demonstration  of.  632 
morphology  of.  620 
reproduction  in,  by  budding,  629 
by  spore  formation,  030 
Yeasts,  629 

differentiation  of,  from  other  microor- 
ganisms, 629 
fermentation  by,  630 
industrial    employment   of,    for    fer- 
mentative purposes,  62 
infection  of,  in  animals,  632 
■      in  man,  631 

clinical  picture  of,  632 
pathogenic  varieties  of,  633 
Yellow  fever.  668 

clinical  picture  of,  068 
distribution  of,  068     • 
etiology-  of,  OOS 
immunity  of,  674 
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Yelloir  fever,  investigation  of,  by  Gui- 
t«ras    and    Marchoux.    Salim- 
beni  and  Sinwnd,  673 
reBUlta  of,  673 
by  Reed,  Carroll,  Agramonte,  and 


Laze 


,  670 


reiulta  of,  673 
microorganism  of,  biological  proper- 
ties of,  «a0 

research  for,  66S 

by  Cornil  and  Babes,  660 
by  Sanarelli,  669 
by  Sternberg,  669 
Stpgomyia  fasciita  in,  673 

description  of,  673 

power    of    transmission    of    infec- 
tion by,  reaaons  for,  074 


Yellow    fever,    Stegomyia    (aadata   in, 
tropical     countriea     nia«t     fa- 
vorable for,  674 
tranaroiasion  of,  670 
by  moequitoei,  670 
diaeovery  of,  by  Finlay,  670 
investigation    and    conBrmation 
of,  by  United  States  Commia- 
eion,  670 
Yersin,  discovery  of  plague  bacillua  by, 
SSfi 

ZciB  Neoden'b  bacillus,  647 

cultivation  of.  547 

morpholofry  and  staining  of,  647 

pathogenicity  of,  647 
Zymase,  61,  630 
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